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in general, and to thoſe that trade into foreign parts 
in particular, we need not be ſurpriſed that ſo many efforts have 
been made to bring this uſeful branch of learning to the ut- 


moſt degree of perfection: and though a vaſt extent of tracts 


on this ſubje& have appeared, yet none have been under our 
inſpection that have handled every circumſtance eaſy to be un- 
derſtood by the generality of readers. In this ſmall treatiſe we 
have endeavoured to render every example as eaſy as poſſible, 
and we hope it will enable thoſe who are acquainted with the 
firſt principles, to attain (without the aſſiſtance of a Maſter) 


a competent knowledge with eaſe and preciſion. 


We humbly hope it will merit the approbation of thoſe 
Gentlemen who have intereſted themſelves in behalf of our en. 
deavours, to whom we return our moſt ſincere thanks, and are, 
with the utmoſt eſteem and reſpec, 


Their”s and the Public's moſt obliged, 
And obedient, humble ſervants, 


THOMAS and JAMES HARRISON. 
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HEN we conſider the utility of obſervations to mariners” 


: 
. - 
—_ 


COMPLETE OBSERVATOR. 


Qt: A'H5 I. 


To find the Latitude of a Place, from the greateſt M. eridian 
Altitude of any Celeſtial Body. 


R U I- KEE: 
1 the zenith diſtance and declination be of one name, their difference 


is the latitude; if not, their ſum is the latitude of the ſame name with 


the declination, except when the declination is ſubtracted from the 
zenith diſtance: but if the zenith diſtance and declination of the object be 
of different names, it is evident that the object muſt be between the zenith 
and equator. The diſtance between the zenith and the equator, or latitude, 
muſt therefore be equal to the zenith diſtance of the object added to its de- 
clination ; and becauſe the zenith lies on the fame fide of the equator as 
the object, the latitude will always be of the ſame name with the-declination, 


There are but four caſes, or varieties, in working of obſervations by the 
Sun's meridian altitude, in whatſoever part of the world you are in, or 
whether the Sun's declination be North or South. 


The firſt is, when the Sun is between the horizon and the equator ; and 
then the RULE is, ſubtract the declination from the zenith; diſtance the re- 
mainder | is the latitude of the place. 

B EXAMPLE, 


THE COMPLETE OBSERVATOR. 
E X A M P L E. 


\.,, Suppoſe the Sun's zenith diſtance 76*; and the Sun's declination 16* 
South, what is the latitude ? 


NM B. The zenith diſtance is found by ſubtracting the corrected altitude 
from 9o*, the remainder is the zenith diſtance. 


go 
Meridian altitude correfed = 14 


Zenith diſtance — - 76 Sub. 
Sun's declination - - 16\ South 


Latitude = = = 60 required 


The ſecond is, when the Sun is between the equator and zenith ; then the 
RULE 1s, add the Sun's declination to his zenith diſtance; the ſum is the 
latitude of the place. 

E X A M P L E. 


Being at fea 27th of May, 1786, the Sun's meridian altitude was found 
57* 35, and it was ſouth of me; what was the latitude of the place? 


go* 
Meridian altitude correfted = 57 35 


Zentth difkance = = = 32 25 
Sun's declination = = = 21 23 


North 53 48 


The third variety is, when the Sun is between the zenith and elevated 
pole; then the RULE is, ſubtract the zenith diſtance from the Sun's declina- 
tion; the remainder is the latitude required. 


X A Mr L. E. 


Being at ſea 14th of January, 1784, the Sun's meridian altitude was 
found oo 17” S. what was the latitude of the place? 
go oo 
Meridian altitude = = 72 17 


Zenith diflance «= = = 17 43 South 
Declination - = = = 21 17 South 


Latitude = — 3 34 South 
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The fourth variety is, when the Sun or ſtar is between the elevated pole 
and the horizon; and then the RULE is, ſubtract the complement of the 


gun's declination from the zenith diſtance; the remainder is the comple- 
ment of the latitude. 


E X A M I. k. 
Being at ſea July 12th, 1787, the Sun's declination 227 oo, and his cor- 
reed altitude was. found to be = 05*; require the latitude ? 


| 9* 
Sun's altitude - = O5 
Zenith - - 85 aiſlance 
Complement = = - 68. ſun declin. 
Complement = = = 17 of latitude 
90 
73 Latitude 


But becauſe it ſeldom happens that any fail ſo far North or South, as 
that they can conveniently take a backward obſervation by the Sun, under 
the elevated pole; in ſuch caſe it may be done by forward obſervation, and 
work with the Sun's altitude or height above the horizon; and then the 
RULE is, add the Sun's altitude to the complement of the Sun's declination; 
the ſum is the latitude; thus 


Sun's altitude = 1 
Complement Sun's declination = 68 


— — 


Latitude required - = 73. 


The ſame operations will hold good in taking an obſervation by a ſtar 
or planet, 


In uſing an Hadley's Quadrant the Sun's altitude muſt be corrected for 
dip, refraction, and Sun's ſemidiameter. | 


ES A NM FP LE 


By a fore obſervation the altitude of the Sun's lower edge was taken and 
found to be 40* 200 South of the obſerver, when his declination was 9 56” 
North; the eye being 30 feet above the horizon; require his true meridian 
altitude and latitude obſerved in? 


- is OB. 


Semidiameter to be added 


App. alt. Sun's centre = = = 
Dip of the borizon, to be ſublr. = 


App. alt. cor, by the dip = = 
Refrattion to be - ſubtratied - 


True altitude Sun's centre = 
True zenith diflance = = = 


Declination add, - = = =. 


Lat it ude — — — _ 


i 


THE COMPLETE OBSERVATOR. 
0% alt, Sun's lower edge = 40 2˙0 8 


59 26 
By a back obſervation with Hadley $ Quadrant, ſuppoſe the apparent al- 


titude of the Sun's upper edge was taken 25” 12 South, when his declina- 
tion was 21' 14 South, the eye 40 feet above the horizon ; in what latitude 


was the obſervation made ? 


By obſervation alt, = = 
* to be ſubir. 


App. Sun's cen. of the Sun = 
Dip of horizon to be added = 


App. altitude cor. by dip - 
Refraftion to be ſubtraffed = 


True altitude of Sun's centre = 
True zenith diſtance = = 
Declination _ - - - 


Latitude, North - — 


25" 12) 
16 
24 56 
2 06 
25 o2 
o 02 
. 
65 oo & 
21 14 8 


43 46 


To find the Latitude by the Meridian Altitude of the Moon. | 


FIND the time-of the Moon paſſing over the meridian of Greenwich in 
the ephemeris, to which apply the longitude of the ſhip or place, turned 
into time by Addition or Subtraction, according as. the * is E. or W. 


which call tbe reduced time. 


To this time find the Moon's ſemidiameter and begs) parallax in 


the ephemeris for the month. 


Correct 


N 
4 

4 

L \ 
VS 
1 

by 


en 78 * Gris * we ; UN. 


Correct the obſerved altitude for her ſemidiameter, dip, &c. to ** 
add the correction for her obſerved altitude and horizontal parallax, and 
you will have her true 2 che latituge as before. 24 


To nd tbe Latinude 5 the Meridian Altitude . any * the 
Planets. 


IN wha Nautical Almanack, find the time of the tacky "aſſing the 
meridian of Greenwich; reduce this time to the meridian of the ſhip; then 
having the altitude, and declination, the Jatitude is found as by a fixed ſtar, 
8 Mm rob cis : 
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The Method of fending the Latitude from the Obſervation of two 
Altitudes of the Sun, and the Time between eath Altitude. 


Cautions which relate to the proper times for making olfervations. 


HE two obſervations muſt always be taken between nine in the morn- 
ing and three in the afternoon, if poſſible; but, the nearer they are 
to noon, the truer your latitude, provided there be a ſufficient interval be- 


tween them. The following directions will be of uſe to ſhew what i inter- 
val is proper. b | 


If both altitudes are taken in the forenoon, the interval between them 
muſt not be much leſs than half the diſtance of the firſt altitude from noon, 


If both altitudes are taken in the afternoon, the interval of time between | 
them muſt not be much leſs than the firſt altitude from noon. 


If one altitude was taken in the forenoon, and the other in the afternoon, 
the interval of time between them muſt not exceed four hours and a half. 


Theſe cautions will give the Mariner ſufficient reaſon to ſee there are 
many exceptions to the finding the latitude by two altitudes; and the ſame 
is attended with much trouble; I therefore think the method to find the la- 
titude by one altitude only, (at any hour of the day) preferable ; but that the 
Mariner 


Mariner may be — :nftruQed . to find the ſame by two altitudes, 
the following Rus will ſufficiently qualify him to perform the ſame, 


EI © 


I. Find the arithmetical complement” of the logarithm, co. ſine of lati- 
tude by account, add the arithmetical complement of the logarithm co- ſine 
of the Sun's declination : call their ſum he log. ratio. 


II. From the natural fine of the greateſt altitude, ſubtract the natural 
ſine of the leaſt altitude ; find the logarithm of their difference, and write it 
under log. ratio. 


III. With half the elapſed time Ander Table 4, and from the column of 
half the elapſed time, take out the logarithm anſwering thereunto, which is 
alſo to be ſet down under log. ratio. 


It is ſufficiently correct (for common uſe) to take the time to half a mi- 


nute, but if greater accuracy be required, the difference between the two- 


neareſt logarithms muſt be applied. 


IV. Add theſe three logarithms together, and with their ſum enter the 
table in the column of the middle line; where having found the logarithm 
neareſt thereto, take out the time correſponding to it, and put it down un- 
der half the elapſed time; ſubtract the leſſer from the greater, their differ- 
ence will be the time from noon, when the greateſt altitude was taken. 


V. With this time enter the table; and from the column of log. riſing, 
take out logarithm correſponding chereto: from this logarithm of a natural 
number, which, being found in the common table of logarithms, and added 
to the natural ſine of the greateſt altitude, will give the natural ſine of the 
meridian altitude of the Sun. 


From the meridian altitude of the Sun, the latitude is a obtained by 
the rules for finding the ſame at the beginning of this book. 


N. B. If the latitude found by this proceſs ſhould differ widely from the 


latitude by account, it will be proper to repeat the operation, uſing the 
latitude laſt found inſtead of the latitude by account, till the reſult gives 
a latitude nearly agreeing with the latitude uſed in the computation. 


EXAMPLES. 


require the true latitude ? 


E X AMP LE S. 


Being at fea in the latitude of 47* 19, by account, when the Sun's decli- 
nation was 12* 16? N. at 10 h. 24 A. M. per watch, the Sun's altitude was 
found 49* og, and at 1 h. 14 P. M. per watch, his altitude was found 5159“: 


require the true latitude ? 


| Times Altit, BY 42 
H. M. 8. D. M. Mat. fines 47 1˙9 -. 16880 
10. 24. 00 * 49. oo 75642 S. dec. 12. 16—0. 01003 
I. 14. oo 51. 59 78783 log. rat. | 0.17883 
Flap. time 2. 50. 00 3141 its logar, 8 349707 
» elap. time 1. 25. 00 its bog. in col. of half elap. time is 0.44077 
. 5. oo in col. , M. T. correſponding to 5 4. 11 667 
Time at noon 1. 10. 00 its log. from col. of L. riſing is BY 3-00542 
Ditto per watch 1. 14 =_ — - tog. ratio 0.17883 
Watch fas o. 4. co 3066 nat. num. of this lag. 3.486 59 
78783 | 
Sun mer. alt. 54* 56” 81849 nat. fine of Sun's mer. alt. 
Sun's 35. 4 Zenith diſtance 


Sun's dec. 12. 16 North 
Latitude 47. 20 in North 


Here the latitude, found by computation, may be relied on, as it differs 
only one mile from the latitude uſed in the operation. It is hardly neceſſary 
to obſerve, that by the Sun's altitude is always meant its correct altitude. 


I 


Being at ſea, in latitude by account 50. 40˙ North, when the Sun's deeli- 


nation was 20 oo' South, at 10h. 17˙ A. M. per watch, the Sun's altitude 


was taken 17* 13, and at 11 h. 17 A. M. per watch, it was taken 19* 41”: 


Times 


THE CON 


4 4 = Times, - Alt. D. M. 
= , | H. M. S.  D. M. Nat. fines Lat. Fo. 40—0. 1980 3 
=_ 10. 17. 0 17. 13 = 29599 S. dec. 20. 090.02701 


11. 17. 00 18 41 = 33682 Log. rat. 0. 22 504 
Flap. time 1. oo. oo 4053 255 3.61098 
x elap. time o. 30. oo 0. 88430 

I. 1. oo in col. of M. T. correſponding 4.72032 
Time from noon O0. 31. o⁰ * 0 | 2.95529 
Ditto per watch o. 43. 00 0.22504 i 
Watch flow o. 12. 00 | 538 2.73025 ö 
| 33082 


Natural fine Sun's mer. alt. 34220 = 20. on = Sun's alt 
| 69. 59 _ Sun's zen, dift. 
20, oo Suns dec. 


49. 59 Latitude. 


As the Jatitude, by this computation, differs 41“ miles from that by ac- 
count, it is proper to repeat the operation, uſing the laſt-found latitude, in- 


ſtead of that 04 account. 
D. M. {- 

49. 59 0.19178 

20, O0 0.02701 
H. M. 8. T Log. ratio o. 2187 
Half elap. o. 30. oo time 5 0.88430 
I. 00. 00 Te, 
o. 30. oo | 2.93223 | 
O. 43. 00 0.21879 
Watch flow o. 13. oo 8 2.71344 Y 
33682 D. M. 1 
e r | 
| | Fes oOo Sun's zen. diff. $ 
p 20. oO Sun's declination „ 


50. oo Latitude 


The latitude laſt found, differing only one mile from that uſed in the 
operation, may be relied on as the true latitude, i 
EXAMPLE 8 


— I. 


I 


E X A M PT E IEC 


Being at ſea in latitude, by account, 60* o'; when the ſun had no declina- 
tion; at 1 h. o P. M. per watch, his altitude was 28* 53“, and at 3 h. o 


P. M. per watch, it was 200 42“: require the true latitude? 


Times D. M. 
H. M. 8. D. M. Lat. 60. oo 0.30103 
I. O00. oo 25. 5348303 Sun's dec. oo. oo 0.00000 
3. oo. oo 20. 42 35348 Log. rat. 0.30103 
2. 00. 00 12955 4-11244 
x elap. time 1. oo. 00 0.58700 
2. OO. oo 5.00047 
Time from noon I. OO. OO 3.53243 
Log. rat. 0.30103 
1703 3-2 3140 

453393 P. M. 


5oOO6 S 30. 00 Sun's mer. all. 
60. oo Latitude 


Here the latitude by computation comes out the ſame with the latitude 
by account, which ſhews that the latitude by account was right. From the 
foregoing examples it is plain that the operation is the ſame, whether the 
Sun has North or South declination, and will be the ſame whether the ſhip 
is in North or South latitude. It is alſo clear, that when the Sun has no 
declination, the arithmetical complement of the log. co- ſine of the latitude is 
the log. ratio. . 


Hereto it has been ſuppoſed that both the altitudes were taken at the 
ſame place or ſtation; but as that can ſeldom happen at ſea, the neceſſary 
corrections for any alterations in your ſtation may be readily made as 
follows : | 


Let the bearing of the Sun, at the inſtant of the firſt obſervation, be 
taken by the compaſs, which call the Sun's bearing; and when the ſecond ob- 
ſervation is taken, find how far the ſhip has gone, in the time between the 
obſervations, towards or from that point of the horizon in which the ſhip 
hath gone, in the time. This quantity added to the aforeſaid altitude, if the 


ſhip hath moved towards the aforeſaid point, or right ſubtracted from the firſt 
D altitude, 


OBSERVATOR. 9 


10 


THE COMPLETE OBSERVATOR. 


altitude, if the ſhip hath gone farther from the ſaid point, will reduce the 
firſt altitude to what it would have been found, if obſerved at the ſame ſta- 
tion where the ſecond altitude was taken. 


Thus ſuppoſe that when the Sun bore S. E.! E. by the compaſs, his alti- 
tude was obſerved 18* 27'; and three hours after, it was obſerved 38* 23“; 
the ſhip in the mean-time having gone 5. E. E. by the compals, at the rate 
of 6 knots per hour : require what the firſt altitude would have been found 
if it had been taken at the ſame place as the ſecond was? 


Here the ſhip's courſe was directly towards that point of the horizon the 
Sun bore on when the firſt altitude was taken; the whole diſtance run be- 
tween the altitudes being 18“ miles, muſt be added to the firſt altitude, 
which will make it what it would have been if it had been taken at the ſe- 
cond ſtation ; ſo that the two altitudes for finding the latitude at the laſt 
ſtation will be found 18* 45' and 387 23. 


But if the ſhip had failed N. W. W. or directly from the point that the 
Sun bore on at the time of the firſt altitude, in ſuch a caſe the 18 miles 


muſt have been ſubtracted from the firſt altitude. 


When the ſhip's courſe makes an obtuſe or an acute angle with the Sun's 
bearing, the diſtance gone towards, or from, that point that the Sun bore 
on, may be readily found by the help of the Tables of Difference of Lati- 
tude and Departure. 


Thus ſuppoſe, that when the Sun bore S. E. b. S. by the compaſs, the alti- 
tude was taken 26* po“; and after failing 18 miles on a South courſe by the 
compaſs, his altitude was taken 37' 10“: require what the firſt altitude 
would have been if it had been taken at the ſecond ſtation ? 


Here the ſhip's courſe, making an angle of 3 points, or 33545 with the 
Sun's bearing, find in the Table of Difference of Latitudeand Departure what 
the difference of latitude will be when its courſe is 3 points, and diſtance 
18 miles, and you will find 15 miles to be added to the firſt altitude, the ſhip 
having gone ſo much towards the point the Sun bore on; ſo that the two 
altitudes to be uſed at the ſecond ſtation for finding the latitude will be 


27 o5 and 37 10. 


Had the ſhip's courſe been North, or 3 points from the point oppoſite to 
the Sun's bearing, in that caſe the 15 miles muſt have been ſubtracted from 
the firſt altitude. 


When the ſhip's courſe is at right angles, or eight points from it, ſuch 
caſes need no correction. | 
EXAMPLE. 
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* Suppoſe a ſhip at 9 h. 55' 30 A. M. per watch, obſerves the altitude of 
the Sun to be 17* 33' South, viz. bearing S. b. E. E; then fails 7 knots 
per hour, on an E.; S. courſe, by the compaſs, and at O. h. 54' 10 P. M. 
per watch took the Sun's altitude 21 55“: require the latitude of the hip, 
when the laſt altitude was taken, the declination of the Sun being 19730 
South, and the latitude, by account, being 47* 34' North? 


The ſhip's courſe, in this caſe, makes an angle with the bearing of the 
Sun of 64' points, and the diſtance run between the altitudes is 21 miles; 
© therefore from the Tables of Difference and Departure, the difference of lati- 
tude anſwering the courſe and diſtance = 7 miles to be added to the firſt alti- 
"tude, the ſhip having gone ſo much towards the point of the horizon the 
Sun then bore upon; ſo the two altitudes to be uſed for finding the latitude 
ol the laſt ſtation are 17* 40“ and 21* 55. 


it alt. 17“ 33. 


1 Cor. * 7 Nat. fines N D. M. o. 17087 
it Latit. 47. 34 

1 H. M. 8. 17. 40= 30348 S. dec. 19. 30 0.02505 
9. 55. 30 21. 55 37326 Log. ratio 0.19652 
o. 54. 10 6978 | 3-84373 

2. 58. 40 
z elap. time 1. 29. 30 0.41945 
=. 332 445970 
Tine from noon O. 56. 00 3.47282 
3 Ditto per watch o. 54. 10 a 0.196 52 
Match flow 9. I. 50 1889 3.27630 


Natural fine of the greateſt altitude 37326 D. M. 


9 Natural fine of the Sun's merid. all. 39215 23. og M. A. 

10 66. 55 Sun's gen. diſt. 
1 19. 30 Sun's dec. 

47. 25 Latitude 


CHAP. 
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F. III. 


To find the Apparent Time at Sea, and thereby regulate the Go- ; | 
ing of the Watch. # 


MONG the many methods propoſed for this purpoſe, that of equal 


finding the latitude at any hour of the day, by a ſingle altitude, let the Sun's 
altitude be taken at any convenient time in the forenoon ; ſet down the time 
and altitude; in the afternoon wait for the Sun having the ſame altitude ex- 


actly you had in the forenoon, and note down the times; then half the ſum 


of thoſe times is the apparent time ſhewn by the watch when the Sun was | 4 
upon the meridian of the place, | 


Leſt the altitude taken in the forenoon cannot have a correſponding one in 
the afternoon, by the interpolition of clouds, it is therefore proper to take 
ſeveral in the forenoon, in order to have a greater probability of ſecuring a 
correſponding one in the afternoon; and if ſeveral obſervations of equal al- 
titudes can be taken on both ſides the meridian, it will be beſt to find the 
noon for each pair, and take the mean of all for the true one. 


And if there is reaſon to believe the watch gains or loſes conſiderably in 
a day, other ſets of altitudes, on ſucceſſive days, may be taken, whereby the * 


daily variation of the watch may be known and allowed, by which means 
the artiſt will have nothing more to do in finding the latitude, by one alti- 7 
tude, than allowing what the watch gains or loſes in a day, and the equa- 
tion of time between the Sun and watch, and the latitude may be depended 
upon as true as any meridian altitude, 


The altitudes ſhould be taken in the ſame place, if poſſible ; but if the | 
ſhip cannot lie by the ſame, rules muſt be obſerved, what point the Sun 


bore upon when the firſt altitude was taken; and find the difference of lati- 


tude the ſhip has made ſince the firſt altitude was taken, by the Tables of 
Difference of Latitude and Departures, and add or ſubtract that difference 
as before directed. 3 


FXAMPLE. 


altitudes ſeems the eaſieſt to practiſe at ſea, At the time when you | 
think the watch ſtands in need of being regulated for an obſervation for 
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March 1ſt, 1787, at 8 h. 40 m. in the forenoon, and at 3 h. 16 m. in the 
afternoon, the Sun had equal altitudes: require the going of the watch? 


8 = e 
12 oo add together 
33 
033 

II 58 

12 


1 1 


> n :- evatth 400 faſt 
Take notice, when the watch is faſt, the half ſum is leſs than 12 hours; 
when ſlow, then the half ſum is more than twelve; when right, Juſt twelve 
hours. K. | 


EXAMPLE 


Feb. 28th, 1787, in latitude 54* 30 North, at 8 h. 10 m. 10 in. * 3 
and at 3 h. 58 m. I had equal altitudes of the Sun: how did the watch then 


got | ogg! or 
1 M. f is Id. ien 
8 10 THT 1. 1 [ity 900 87111 4 
„ o add together BE pn WTF 
3 * „ 3 * 


24 08 tale half the Jum 

Iz og be appurent timè 
| 12 OP: 1101 Hig "BE +] 
Wt 8 04 mach eb ee 
K Air 2d: ; 


April 24th, 1787, being at ſea, and had at 10 h. 30 2 and 1 h. 30 m. 
00 altitudes: require the going of * our ae 
| H M. | 


10 3000 00 

12 oo add together 
1 dei r ey 1 
224 oo 


| Heis 318 o0 watch true 
CHAP. 


— — 
— 


22 


— - —_—_ 4 
Ws . 


0 
| 
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CAP... IV. 


To find the Latitude of a Place, by one Altitude only, at any 


Time of the Day, when the Sun is above the Horizon, and 
can be ſeen. 


UL E. S. 


8 ſine complement of the altitude is to the ſine of the hour from noon, 
ſo is ſine complement of Sun's declination to ſine of the Sun's azi- 
muth from the South, (if you are in the North altitude; but, if you are in 
South latitude, from the North) which being taken from 1807, gives you the 


azimuth from the North, if your latitude be North; but, if South, it gives 


the azimuth from the South. Then you have in the oblique ſpherical triangle 
two ſides and two angles given, to find the other ſide, which may be ſolved as 
follows, viz. As the ſine off the difference of the azimuth (of the ſame name 
with the latitude) and hour from noon is to the fine of their 4 ſum, fo is the 
tangent of ; the difference of the complement of the altitude and comple- 
ment of declination to the tangent of + the complement of the latitude; 
which, being doubled, will give you the complement of the latitude ; and 
that taken from go', will give you the latitude of the place: and if your 
watch can be depended upon, and properly corrected by a table, intitled, 4 
Table of Clock or Sun, it will give you the latitude as true as any meridian 
altitude, and a little praQtiſe will make it as ealy. 


E X A M P L E I. 


June 21ſt, I 78 5, at 38“ paſt 10 in the morning, per watch, I took the Sun's 
altitude 53' 45', what was the latitude of the place? By comparing the 
watch with equation of time, it is found 38“ too faſt, therefore it is by 
the Sun 10 o'clock in the morning: . L 


"48. C. of attitude Wks 33" 45 | e 9.27181 

is to S. of the hour from noon 30. 0 _ FORE 

fo is . C. of declination 66. 31. 4 9.96245 
1 Ot | 19.60 42 

to S. of Sun's azim. from South yo. 81 | 9.22181 

1 9. 9.88961 


Which being ſubtracted from 180", gives 1 29* ,09', the azimuth from the 
th. 
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| 129* .09' 00 
Hour from noon 30 . oo 
Difference is 99 oe 


Half their difference 49 +34 +430 
Sum of the azimuth | We 9” og” 


and hour from noon 


Half their ſum 79 4. . 


Complement of altitude 367% 15 
Complement of declination 66 31 


Difference 930 16 
Half their difference 3 


Then | | 
As S. of + the difference of 3 . 
azim. and hour from noon 49 +34 +39 9 
rs to S. of their + ſum 79 434 +30. 9.99277 
fo is T. of + the difference of co. of }. nat 
alt. and co. dep, 1 12 94708 
to T. of + the com. of latitude 19 .14 9.54287 
+ Complement 19.14 
Doubled 2 
Gives complement' of latitude 38 28 
Subtracted from go . oo 
Gives latitude in 51 32 


LX A one 


Being on the North ſea, January 9, 1785, I obſerved the Sun's altitude at 


| 7 38" paſt 8 in the morning 1* 14', and his declination that day was 20 
11 South: require the latitude ? | * 


Now, by comparing the watch with the equation of time, I find it 7 38“ 


doo faſt; therefore by the Sun it is juſt 8 in the morning. A 
. , J 
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As S. C. M altitude 88* .46 9.99990 
is to S. of hour from noon 60 .o 9.93753 I 
%ig S. C. GY declination | by 49 9.97248 it 
"" 19.9100 We > 

9.99990 


to S. Sun's azim. from the South 54 24 9.91011 


Taken from 180 leaves 125 36 
The azimuth from the North 12536 


Hour from non 60 . oo 
Difference © n 65 36 
Half their difference 32 +48 
Sum of the aim. and honr 7 | 
from noon | h 185 3 
le. dee NMͤö ( 2 43 | 
| Complement of of allituue 88 446 
Sun s diflance from the North pole 110 . 11 
Difference 21 „ > ö 
Ha their difference 5. 10.442 . 300 1 
As S. x di Herence of Mani hour obs Salk ol -+ 16.24 
5 ur} 32* .48' 9.73377 
is to S. + their ſum | 9e 48 9. gg a8 
 foisT.of 1 * of * 
alli. and com. of declin. eo * . e 
I 15 "19. . . 
, SH Bon, 9.73377 
D T. com. J: of latitudde 19 14 9.54240 
141421. - doable 1 Futte ot Sho! 103 no 8138 
O09” Complement of lakiinde e 
ſfabtracted from 142 RN roning 
d, . n rf 


£ EXAMPLE 


vis T” 4 . , vw - | | N " 
= - = 


EXAMPLE Il. 
March 20, 1782, I took the Sun's altitude at 7 in the morning, (when my 
watch was properly adjuſted by the Table of Equation of Time) and found 


it 9* 16', when I had made proper allowance for refraction and the height 
of my eye above the ſurface of the water ; from which the latitude is re- 


: 


quired ? 


As S. C. of altitude g' 16 9.99429 
is to S. of hour from noon 75 ..0 9.98494 
fo S. C. of declination Yo 0 10.00000 


to S. of the az, from the South 78 10 9.99065 
78 10' taken from 180' gives the azimuth from the North. Then, 


Azimuth from the North 101 go 
Hour from noon 75 oo 
Their difference 26 50 
Half their difference £7. As 
Their ſum 1 76 50 
Half their ſum _. 88 25 
Complement of allitude 80 44 
Complement of declination 90 oo 
Their difference 9. at 
Half thur difference 4 36 


As 8. of 3, the diff. of the agi. 
and hour from noon af Rk 9.30555 
ts to S. of their = ſum 88 25 9.99983 


fo is T. of + the differ. of the | 
com. of alt. and com, of dec. 4 36 8.908 72 


18.908 5 80 
| 9.36.5 
to T. com. of + the latitude 19" 14 9.54 300 
| | 2 2 2 
Doubled is the com. of the 38“ 28 Lat. 
which ſubtracted from 90 oo gives 
Latitude by obſervation FI 32 as before 


To find the Latitude by Projection. 


conſtruct the problem geometrically, you muſt find the azimuth from 

the South, which ſubtracted from 1 80 leaves you the azimuth from 

the North; then with its complement taken from the half tangents, ſet 
from the centre A to C, draw the oblique circle Z CN; then ſet off the al- 
titude of the ſun, from the chords on the primitive circle from the horizon 
H H towards Z to cut the primitive circle in b and o, and draw the parallel 
of altitude b o, and where the parallel cuts the azimuth as at L; then thro? 
L and A draw the ecliptic EE; then from the ecliptic towards H, ſet the 
declination, if North; but if South, towards Z; then draw the equinoctial, 
and at right angles thereunto draw the poles Þ S, and draw the oblique cir- 
cle PLS, and it is done; for P is the complement of latitude, and P H is 


the latitude of the place. 
To 


C NKF. V. 


To correct the Going of the Watch by another Method. 


To make requiſite computations. 


P R Q: B:L EM I. 


O ſind the apparent time from an obſerved altitude of the Sun, the la- 
titude of the place being known, as here, as we ſuppoſe, the latitude 
by dead reckoning. 


«Dd TT 1.0 


If the latitude and the Sun's declination be of the ſame name, take the de- 
clination from goe, but if the latitude and Sun's declination be of different 
names, add the declination to go", the difference or ſum is the Sun's polar 
diſtance. fk: 


Find the oo. latitude, and the Sun's co. altitude. 


— 


Add into one ſum, the polar diſtance, co. latitude and co. altitude; take 
half the ſum; find the difference between the half ſum and the co. altitude. 


Add into one ſum, the arithmetical complement of the log. fine of the co. 
latitude, the arithmetical complement of the log. ſine of the polar diſtance, 
the log. ſine of half the ſum, and the log. fine of the difference, take half this. 
ſum: this laft half ſum is the co. fine of an angle, which being doubled, is 
the Sun's horary angle. The horary angle turned into time, will give you 
the inſtant of obſervation from noon. If the Sun be riſing, or on the Eaſt 
ſide of the meridian, take this time from twelve hours; and the remainder 
is the time of obſervation; but if the Sun be on the Weſt of noon, this time 
is the inſtant of obſervation. 


E X A M P L E . 


In latitude 51 32" North, by account, June 21, 1786, at 10 in the morn- 
ing, by my watch, I obſerved the Sun's lower limb 53* 31': require the L. 
time, and error in the watch? 


bf  W VP 


Suns altitude 


x Semi- ſub. 
Altitude of Sun corrected 53 45 
Co. altitude 36 . 15 
Co. latitude 4 
— s sse 
Polar diſtandte e e 0.03749 
Co. latitude 38 28 | 0.20017 
Co. altitude | 30. I5 
| 3 | — - ary bog OE 
Sum © | „ on "Thor 8 
8 77 <4 : EIU VS . 30 ee ye: 
Half ſum | 70 37 30 9.97466 
+ Sum Co. altitude 34 2 30 975174 
—_ 19:97008 dy” 
wee fre 19.97008 2% 
. 
Doubled | 150 6 


converted into time gives 10 h. o m. 24“ and 12 h. leaves i h. 59 m. 


6%: time when the obſervation was made 10 in the n per 
watch, ſhew the watch .24 flow. 


EX AM B L 1 
| Being on the North ſea January 9, 1785, I obſerved the Sun's altitude 
1*14 1 found my watch exactly 8 in the morning: I require the true time 
of obſeryation and error in the watch? Rule as by former Rule, 


0 


1 14 "$7.20 1 
88 46 38 28 112 08 


An vt 
To find the Latitude without knowing the Sun's Declination and 
if the Day of the Month be 1 of how to en; what. Day the 


LS vation is made. 


HIS may be done in any latitude, whoſe complement. is leſs than the 


Sun's declination on the ſame ſide of the line the place of obſervation 
is on; for the Sun will be twice upon the meridian in twenty-four hours, viz, 
above the pole at noon, and under the pole at midnight. 


RULE. 


az 


— 2 
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- N l > * 4 9 — „ CY = * 
* — 5 , 1 wo = 
. * "7 . 
0 2 =- - * N 
3 . _ 


R UL E. 


To find the latitude without knowing the Sun's declination, take the Sun's 
altitude at noon, when above the pole, and at midnight, when under the 
pole ; half their difference is the complement of the latitude of obſervation, 


EX A ‚ £8: 


une 21, 1786, I took the altitude of the Sun in Greenland, when on the 
meridian above the pole 337 28, and at midnight under the pole 13 28˙ñ 
what was the latitude of the place ? 


Altitude above the pole 33 28 
Ds. below the pole 13 28 
Half their difference 920 oo 
Complement of latitude Io oo 
Latitude of obſervation 80 oo 


To find the day of obſervation, and thereby know the day of the month, 
this is the RULE : add the two altitudes together, half their ſum is the Sun's 
declination for the day of obſervation. 


E X A.M I 


In the year 1786, I took the Sun's altitude in Greenland, when on the 


meridian above the pole 33' 28', and at midnight under the pole 13* 28˙: 
what time in the year was the obſervation made? 


Sun's altitude above the pole 33.28 

Sun's altitude under the pole 13 .28 

Sum 246 (56 

Half their ſum ſhews the 23 .28 " 
day tobe Fune 21}f. 


NM. B. It is here ſuppoſed the two altitudes are taken in the ſame place; 
and likewiſe they are to be the corrected altitudes, if taken by an Hadley's 
Quadrant. F 


CHAP, 


» e 


The Method of finding the Longitude from the Obſervation of 
the angular Diſtance between the Moon and the Sun, or g 
fixed Star, 


E motion of the Moon being much quicker than any other celeſtial 
body, is the reaſon why its angular diſtance is much better adapted to 
diſcover {mall differences of time, than like obſervations made with any 
other body. The method of obſerving its place at ſea is, that of meaſuring 
the angular diſtance between it and the Sun, or a fixed ſtar, This being 
done, it is plain, if by means of an ephemeris, the time of Greenwich cor- 
refponding with the obſerved diſtance, be found the time at the place of ob- 
ſervation; being likewiſe known, the difference between theſe two times be- 
ing turned into degrees and minutes, will give the difference of longi- 
tude between Greenwich and place of obſervation. 


The calculations in the ephemeris being ſuppoſed to be accurate, the chief 
difficulty of this method will conſiſt in finding the correctings neceſlary to 
be applied to the obſerved diſtance, to give the true diſtance as it would ap- 
pear if taken at the centre of the earth. For ſince the altitude of every ce- 

leſtial body, not in the zenith, is rendered apparently greater by refractory 
power of the atmoſphere, and is likewiſe apparently diminiſhed by the 
parallax, it ſcarcely ever happens that the obſerved diſtance is equal to the 
true diſtance ; but the very great diſtance of fixed ſtars renders their parallax 
abſolutely inſenſible; and the horizontal parallax of the Sun being about 83 
ſeconds, is ſeldom conſidered in practice. 


Becauſe the quantity of refraction and parallax depends on the altitude, it 
is neceſſary, in order to obtain the quantities, that the altitudes of both the 
objects ſhould be taken at the ſame time that the angular diſtance is mea- 
ſured. A ſet of obſervations can be taken by no leſs number than three per- 


ſons. 
To make the requiſite Obſervations. 


Firſt, To find the apparent time at the place of obſervation : This is moſt 
conveniently done by taking one or more altitudes of the Sun, and noting 
the time by a good watch : from each obſervation, compute the time ; the 
difference between this time, and the correſpondent time, noted by the 
watch, will ſkew how much the watch is faſt or ſlow. os 

e 
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The mean of ſeveral obſervations, in all caſes where it can be had, is al- 
ways to be preferred. The beſt time to take the Sun's altitude for the ſolu- 
tion of this problem, is when the altitude changes quickeſt, and this is when 


the Sun bears Eaſt or Weſt. 


Secondly, To make the obſervation of diſtance : 'The three obſervers being 
in readineſs with their inſtrument carefully adjuſted, according as directed, 
and the watch being ſuſpended near one of the obſervers, or put into a fourth 
perſon's hand, appointed to note the time, two of the obſervers muſt take the 

altitudes, while the third meaſures the diſtance; and take notice, that in all 
caſes the convex or exterior well defined edge or limb of the moon, muſt be 
uſed or brought to the horizon, whether that edge uppermoſt or lower limb 


of the Moon. 


In meaſuring the diſtance, the moſt obſcure or leaſt luminous of the two 
objects mult be viewed directly, and the other mult be brought, by reflec- 
tion, into the apparent contact with it. In this caſe alſo, the well defined 
edge of the Moon mult always be made uſe of for the contact, even though 
it ſhould be neceſſary, for that purpoſe, to make the reflected image paſs be- 
yond the other. In the night time it will be found advantageous to turn 
dewn one or more of the green ſcreens, in order to take off the glare of the 
Moon, which would otherwiſe prevent the ſtar from being ſeen. As ſoon as 
the obſerver of diſtance has ſettled his inſtrument to the required angle, let 
him give notice to his aſſiſtants, who, that moment muſt read of the reſpec- 
tive altitudes from their quadrants; at the ſame inſtant, the fourth obſerver, 
or one of the three, as previoully ſettled, notes the time by the watch. Theſe 
four particulars being wrote down with expedition, the ſame obſervations are 
to be again repeated in the ſame manner, and the ſetts reſpectively wrote be- 
neath the others. After ſix or ſeven ſetts have been made, the mean of the 
whole muſt be taken, from whence the longitude muſt be found by compu- 
tation. If the watch made uſe of here be a ſtop watch, the time will be more 
to be depended upon, becauſe the watch may be ſtopped the inſtant the ob- 
ſerver finiſhes his diſtance, and the watch may be ſet to the exact time again 
by another time-picce, before the obſervers again repeat the operation, which 
muſt be done as ſoon as convenient. 


PRO B LEM I. 


The apparent diſtance of the centre of the Moon, from the centre of the 
Sun or a fixed ſtar, together with their reſpective apparent altitudes, to find 
the corrected diſtance as it would appear if beheld from the centre of the 


earth. 
RULES. 
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ALE TE ES 


I. Find the reſpective co. altitudes ; place beneath each other the ap- 
parent diſtance of the Sun or ſtar's co. altitude, and the Moon's co. altitude. 
Find their ſum, and half ſum, and alſo the difference between ſum and half 
ſum of the Sun or ſtar's co. altitude. Add together the ar. co. log. ſine of the 
apparent diſtance, the ar. co. log. fine of the Moon's co. altitude, and the log. 
ſines of the half ſum, and of the difference. Half this ſum, and it will be log. 
co. fine of an angle, which being doubled gives the angle at the Moon. 


II. Find, as above, the fum and half the ſum of the apparent diſtance, the 
Moon's altitude, the Sun or ſtar's co. altitude: find alſo the difference be- 
tween the half ſum and the Moon's co. altitude ; add together the ar. co. log. 
ſine of the apparent diſtance, the ar. co. log. fine of the Sun or ſtar's co. alti- 
tude, and the log. fines of half the ſum, and of the difference; half this ſum, 
and the half will be the log. co. ſine of an angle, which being doubled, gives 
the angle at the Sun and ſtar. 


III. Then ſay, radius, fine co. Moon's altitude : : “ horizontal parallax ; 
parallax i in altitude: from the parallax in altitude, take the refraction found 
in the Table of Refraction, correſponding to the Moon's DOR the re- 
mainder is the error of the Moon's altitude. 


IV. Radius: fine co. of angle at the Moon's : : error of the Moon's alti- 
tude : is firſt error in diſt. which is to be added the apparent diſtance, if the 
angle at the Moon be obtuſe, but otherwiſe ſubtract. 


V. Radius to fine co. of the angle of at the Sun or ſtar : : refraction cor- 
reſponding to the Sun or ſtar's altitude : ſecond error in diſtance, which add 


to the apparent diſtance, if the angle of at the Sun or ſtar be acute, other- 
wile ſubtract. 


From the corrected diſtance, to find the longitude of the place obſerved in: 
ſeek, in the ephemeris, on the day of the month, for the two computed 
diſtances neareſt the diſtance obſerved; find the difference between the two 
computed diſtances, which call the firſt difference; find alſo the difference 
between the earlieſt of the two computed diſtances, and the correct oblerved 
diſtance, which call the ſecond difference: then ſay, as the firſt difference: 
ſecond difference : : 3 hours: a proportion of time, which added to the time 
of the firſt of the two computed diſtances, gives the apparent time at Green- 


wich; 


Ie Meor's horizontal farellax i; feund in the Nautical 1 Epbemeric, againſt the day of the months 
Every other element uſed inibis computation, beſides the angles, ought to be taken from that work, 
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E XA MFP L E 


Suppoſe the following obſervations be taken in latitude 34» 17 N. and 
longitude by dead reckoning 13“ 56' Weſt of Greenwich, height of 
the eye 18 feet: it is required to compute the true longitude from the 


ſame. 


Obſerved Obſerved 

altitude of altitude of 

ſun's low, moon'slow. 

lib from limb from 

April 4th, 1767 Diſtance obſerved horizon of the horiz. 
Time by watch O pneareſt limbs the ſea of the ſea 
1 8. : 1 T . 
4. „ 22 50 8 17 
S007 II T3 43 55 22 I2 80 35 
4 78 7 21 6 81 9 
8. 14 32 51 221 13 21 66 8 242 2 
— —̃ !(: ——ů— —— — 
M. 41 5 73 44 2 I 8 A41 


The going of the watch muſt be aſcertained from the method for correct- 
ing the ſame by the RuLEs aforegoing. By ſuch obſervation we here ſup- 
poſe it to be known that the watch is 22 m. 38 ſec. too faſt, therefore 4h. 50' 
57 —22 38“ gives 4h. 28' 19 the apparent time of obſervation, Previous to 
the actual computation for clearing the diſtance, it will be neceſſary to reduce 
the ſeveral obſervations to the centre of the Sun and Moon: ſeek in the 
ephemeris for the ſemidiameters of the Sun and Moon for the time of ob- 
ſervation : the ſemidiameter of the Sun is 16' 1'', and that of the Moon for 
noon at Greenwich is 15 22, and for midnight 15' 16“: now the differ- 
ence of time equivalent is 13* 56 Weſt of Greenwich, is about an hour, 
which added to the obſerved time 44 hours makes 5: hours for the time 
roughly eſtimated for Greenwich. The difference of the Moon's ſemidia- 
meter for 12 hours, is ſix ſeconds ; therefore 12h. ::6": 5+ h: 23", which 
as the ſemidiameter is decreaſing mult be taken from 15 22“, and leaves 
15' 19%” for the Moon's ſemidiameter at the time of obſervation. This is 
the Moon's ſemidiameter as it would be if it was ſeen from the centre of the 
earth. To 15' 19+” add 16“ for the increafing ariſing from the Moon's 
altitude, and the correcting the ſemidiameter; rejecting the!“ will be 15 
35 to bring the obſerved diſtance of the nearer limbs of the Sun and Moon 
to the apparent diſtance of their centres, the ſemidiameter of each muſt be 
added: That is 73 44 27 + 16 1 + 15' 35” = 74* 16' 3" = the apparent 
diſtance of the Sun and Moon's centres. 


G | To 
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To find the apparent altitude of the Sun's centre, the ſemidiameter muſt 
be added, and the dip ſubtracted; that is 22* 3' + 10' — 4 = 22 15' = the 
apparent altitude of the Sun: it is not neceſſary in the altitudes to proceed to 
ſeconds, | 


To find the apparent altitude of the Moon, the lower limb being found 
uſed, the ſemidiameter muſt be added, and the dip ſubtracted; that is 80* 
41' + 16'—4' = 80* 53'; the apparent altitude of Moon. In like manner as 
the Moon's ſemidiameter was found for the time of obſervation, ſo alſo 
muſt the horizontal parallax. Now the horizontal parallax at noon 50' 24; 
and at midnight 50' 1“, the difference 23''. Therefore 12 h.: 23" :: 52'h. 
110% which ſubtract from 564“, becauſe the parallax is decreaſing leaves 
56' 13“, for the horizontal parallax at the time of obſervation, This ex- 
preſſed in minutes and decimal parts 560. 217: with theſe data we proceed 
according to the problem. 


Sun's app. alt. as 16 
com. Malt. 67 45 
Moon's app. alt. 80. (53 
| com. alt. +5 0008 
App diſ. 74 16 Arit. co. ſine 0.01658 
Moon'sco.alt. g . o/ Arit. co. ſine 0.80012 
Sun's co. alt. 67 «45 
Sum 151 . 08 
Half 75 +34 Sine 9.98607 
Diff. 7 49 0 NIE. 9.13355 
19.93632 
Co. fine | 9.90816 
| 21* 40 
Doubled 43 20 = an angle at the Moon 
Ap. dif. 74 .16 Ari. co. fine 0.01658 
Sun's co. alt 67 45 Ari. co. ſine 0.03360 
Moon's co. all. 9 +07 
Sum 151 . 08 
Half 75 +34 9.98607 
67 .27 9.96223 
19.99848 
3 +23 co. fine 9.99924 


Doubled 6 46 = angle at the Sun 


THE COMPLETE OBSERVATOR 


As Radius 15 | 10.00000 
: S. C.zdalt. 80 53 9.19988 
:: Horis. parallax 56' .217 1.74987 
: Par. in all. 8' 91 0.94975 


Sub. ref. 15 9 = 15 
Error of Moon's alt. 8 76 


4 radius go . oo o. ooooo 
1 C. ang. at D 43 20 9.80176 
Error alt. 8“ .76 0.94250 
Error in diſ which | 6“ 37 0.80420 
muſt be ſub. 
As radius go* . oo 10.00000 
S. C. Lat Sun 6 46 9.99696 
: Ref. cor. to al. 2 20 2 333 0.30791 
Second err. in di/. | 2 317 0.30487 
which muſt beadded 


Now 6 37 = &' 22" 12 and 2 317 21 19", , whence the apparent diſ- 


tance 74% 1) 3 — 6 22 11" +2\ 19” = 74 11" 59“ 48“ = corrected diſ- 
tance. By Lyon's Compendium, the correct diſtance comes out 74" 11 58% 


and by Mr. Dunthorne's Compendium it is 74 11 59"; 


The ſame example by Gunter. 
Radius: 8. 74 16 : : 07: 8. 8⸗ 46. 
8. 8˙ 46 : 8. 75 34: : 8. = 49 : a ſine oppoſite to which on the line of 
verſed fines ſtands 430 = the angle at the Moon. 


Now, 
Radius: S. 9* 07':: 56 22 80 9 Par. in alt. from which take 15 re- 


fraction, and the remainder 8 75", is the error of the Moon's altitude. 
Again, 
Radius : 8. 74 16: : 8. 67 45 : 8. 62* 50 8. 62 50: 8. 57? 34 : 
S. 66* 2% a fine oppoſite to 9 — the verſed ſines ſtands a point, which 
is rather to the left hand of the half diviſion of the ſpace between the begin- 
ning of the line, and the diviſion of 10%; we ſhall therefore call it G the 


angle at the Sun. 


And, 
Radius: 8. 0 537 = = 8, 46: ; ; 3 error of ? alt, 8 75“: firſt error of dil. 


6 33'=6 19" 48", 
Radius 


32 THE COMPLETE OBSERVATOR. 


Radius: 8. C. 6 = ſine 840: refrac. in * © 2 33 : ſecond error is diſt. 
2' 32 2 2 19" 12", 


Laſtly, | 
74* 16' 3"—6' 19" 48" T2 19, 12” = 74* 12' 02” 24" corrected diſ- 
tance, The correct diſtance 74 11 59“ 48", we will call 74 12“ becauſe 
the 48" may be taken as a whole ſecond ; Therefore, 


Di e 1 the ephem. at 3 hours „ MW - x 
| 6 do. 74 28 50 
Olferved 4 tance 74 12 oo 
Firſt difference | 1 27 23 
Second difference 1 10 33 


Now, 10 oj 75 1% 10 33 :: 3 h. 1 10 which added to 3h. 
gives 5 h. 25 S the time at 751 6 


- he time at Greenwich Fb. 25 19“ 
Time at ſhip 4 28 19 
Difference of time 57 oo 


gives 14 15“ longitude, which is Weſt, becauſe the time at Greenwich 
does not proceed the time at the ſhip. If the diftance, as given by Gun- 
ter, be uſed, the longitude will come out 14* 16 Weſt. The longitude thus 
found, is the longitude of the place of obſervation ; for the watch is here 
| ſuppoſed to go true during the interval between the altitudes and diſtance, 


N. B. If the Sun riſes or falls quick, the obſervation of diſtance it will 
be convenient to compute the time directly from the mean altitude. 


— 


C HAF. VIII. 


A new, 5 eaſy, and infallible Method to determine the 
Longitude at Sea, independent of the dead Reckoning, by one 
Perfon only, and no ather Inſtrument but an Hadley's Qua- 
drant well adjuſted. 


. | 
. in the ephemeris the time the Moon or any of the Planets' centres 
Pals the meridian of Greenwich; take the time by the watch, well regu- 


lated, by any of the methods ele cmentioned i in this book, when either the 
Moon 


2 aS. * 


* s 7 N bY , 


"FJ 
or any of the Planets are on the meridian of the place the longitude is deſired; 
for that time reduced into motion, and proper allowance being made for the 
difference of miles making a degree of longitude, will reduce the meridians to 
a true departure between the two meridians, and then the longitude may be 
eaſily found, either by Mercator's or middle latitude failing. 


RX A PL © 5 | 

Suppoſe at Peterſburgh, in Ruſſia, the Moon was taken when on the meri- 
dian, by the watch well regulated, and found it on the 6th of May, 1786, to 
be 6h. 20 m. and that taken from 7h. 28 m. the time the Moon paſles Green- 
wich that day, leaves 1h. 8 m. which being reduced into motion is 17 mul- 
tiplied by 60 gives 1020, the true departure between Peterſburgh and Lon- 
don ; and if the complement of middle latitude be taken between the two 
places, and run down in the Tables of Difference of Latitude and Departure, 
the longitude in the diſtance column oppoſite the departure, (when multiplied 
by 10, becauſe the numbers are too large to find by inſpection) will be 1780, 
that divided by 60 29 30'=which is too ſmall by oo 49“ but if a canon be 
ſtated as proper difference of latitude : : the meridian difference of latitude : 
departure to the difference of longitude, it will come out 30 19' the true 
longitude required ? 


As proper dif. of latitude 504 2.70243 
Meridian dif. of latitude 899 2.95376 
: : Departure 1020 3. 0860 
dif. of longitude 
5.96236 
| 2.70243 
True longitude 1819 | 3.25993 


from London Glo) 18 109 30* 10˙ 


nnn 1 
June 10, 1786, ſuppoſe the Moon was taken when on the meridian of the 
Lizard, and found it 11 h. 25 m. 16; now the Moon was on the meridian of 
Greenwich that day 11h. 120. 
11 h. 25' 16 on meridian of Lizard 
— 11 on meridian of Greenwich 


oO 13 16 after Greenwich ſhews my ſhip to the Weſt of 
Greenwich, that reduced into motion gives 3019, which reduced into 
miles 199; then by the aforeſaid canon the longitude 5 14' Weſt from 


Greenwich, 


H EXAMPLE 


— * * ” ” - U 
— IT 2 


erer LE: I. 
45 the Moon be taken on the meridian of Barbadoes Auguſt 7th, 
17865 14h, 26m. 


h. m. s. 
viz. Barbadoes 14 26 ©. 
Greenwich on that day is 10 18 o 

| 4 08 oO 


This reduced into motion 48* 14; this multiplied by 60 gives 2894 miles, 


the true departure between the Iſle of Barbadoes and Greenwich, and by the 


canon afore- mentioned, the longitude from the Iſle of Barbadoes to Green- 
wich is 3377 miles from the Eaſt end of the ſaid iſland. | 


EX A. .MPÞP--L+E-::: IVE 
The Moon was taken on the meridian of Cape St. John, in Newfoundland, 


| September 27th, 1786, 15 59m.. 88.: what was the longitude of St. John 


from Greenwich? 


h. m. 8. 
Cape St. John's ee | 
Greenwich „ the Moon was on 
Meridian 2 20 8 difference of 


Time reduced into motion is 350 2*by 60=2102 miles per canon, the dif- 
ference of longitude 3332 as was required, and by this new method it will 
notrequire one tenth part the labour of the method of finding the diſtance of 
theMoon from the Sun or a fixed ſtar. 


N. B. A perſon expert in taking the latitude, can tell within three minutes 
when any heavenly body comes to the meridian ; and by allowing three mi- 
nutes, the departure may be truly found between one meridian and another, 
when the difference in miles that make a degree of longitude are properly 
applied : thus, if your place be in a leſs latitude than Greenwich , find by in- 
ſpection what miles make a degree of longitude in each latitude, and add the 


difference to the difference of the time when reduced into motion, and it will 


be the true departure ; but if the place be in a greater latitude, then ſubtract 
the difference, and the departure will be the true departure between the places 


required. 


A TABLE 


O F 


R EF RAC TI O N, & 


eee eee A A neuf NH muff 


* 2 - 
7 A 2.4 
2 * 
% . 
* 


OSN in taking out by this Table for the 

Refraction, that you enter the firſt column on the 
left-hand fide, weith your altitue obſerved on your 
quadrant, (which is called the apparent altitude) 


and on the next againſt it is the refraction required, 


Note. You need not be ſo exact as to take parts for 
any half degrtt or degree there may remain; as near 


as you can find in the Table, being ſufficiently crack. 


THE COMPLETE OBSERVAT OR. 
TABLE I. 


Or REFRACTION. 


TABLE II. 


Or THE Dip. 


THIS Table is calculated 

for the height you are 
elevated above your viſible 
horizon, The column on 
the left hand, titled The 
Height of the Eye, you enter 


with the height you ſuppoſe 


you are elevated, and in 
the next over againſt it is 


TABLE III. 
Or TIME. 


OR reducing time and 

motion mutually inte 
one another, the firſt co. 
lumn contains time, as far 
as 24 degrees, minutes, and 
ſeconds, The other mo. 
tion, as far as 360 degrees, 
minutes, and ſeconds, an. 


wwering to the firſt, by 


dip to be ſubtracted. which any quantity of tim 

| or motion may be found. 

- | | | Height Dip 9, 2 

Alt. Ref. Alt. Ref. eye hortz|| Time Motion 

H - 

0 ! 2 . | Feet „ " ＋ 

— — —— — — 

7 r — I . 15 

1 — 28x || 8 — 6 || 2 — iz 2 — 30 

ä  -. $5 J > yes ae. | 

11 — 21 [10 — 5 7 — 24 4 _ 60 

2 — 181 11 — 42 010 py 3 5 = 75 
21 — 16; [13 =... by: — 37 | 6 — 
3 — 14: 15 — 3 18 — 3 7 — 
6. 0 1 7” 3 022 == 4k | 8 — 
Z 2; E — 8 19 — 
12 ö 40 — 6 110 — 

*. — — — — IT _=- 
„ VP * © OO” WON fs —— 85 — 
n 

— 1 102 — x 80 — : 1 
& =" 6 - vey fz - 
[14 * 

| 16 — 

| 5 2 

I 18 * 

19 == 

20 — 

21 — 

22 — 

| | 23 — 

| 24 — 


OF THE 
SUN'%s DECLINATION, 
FOR 


The LEAP YEARS, &c. 


TABLE of the SUN's DECLINATION, 


For the LEAP YEARS, 


| 


SS ©. 
* — «4% & „ CALI 


1784, 1788, 1792, 1796, 1800. 


| 8.— 8. 8. © N. N. N VN. 5 N. 8. 8. 8. 
4 | Jan. | Feb. | March | April | May | June | July [Auguit| Sept. OR. | Nov. Dec. 
A OT 


D. M. D. MD. M. P. M. P. MIP. MP. M. IP. XII P. M. B. MPD. I P. M 
— — — — — - —_= 


— — 


i! 


— — 


1 23 2417 100% 1604 511157 7 11023 17 538 3} 3 29]14 43121 58 
2 ||22 57/16 52]6 53] 5 135 36/22 18023 2/17 3 7 49 J.- (N86 11838 7 
3 22 52116 346 300 5 37115 54/22 25]22 57117 22] 7 18] 4 15/5 20/22 15 
4 122 46116 1616 6|5 59/16 1102 32]22 527 66 56) 4 5115 39022 23 
LI 22 446 22116 2802 342 46116 00 6 35] , 5 5622 31 
22 3215 400 5 216 45/6 45/22 45/22 40016 33 6 11 5 2416 15/22 38 

22 2515 22] 4 57] 7 67 122 5 022 3316 16] 5 so 5 48116 32022 44 

22 1805 3/4 35] 7 3017 18/22 56022 2616 of 5 2606 10016 gojſ2z 50 

22 94 44] 4 11] 7 $2117 3423 4[22 19115 42] 5 46 3317 722 56 

22 14 25] 3 47] 8 14/17 50{/23 OG[22 125 24] 4 41] 6 567 24/23 1 
"11 [21 154 5/3 23] 8 368 cfſ23 ioſzz 315 64 18] 7 19% 40/23 6 
12 1 4213 44 2 59] 8 57118 20/3 14/21 55114 49] 3 55% 7 47 56023 10 
13 1 323 25] 2 30] 9 201138 35/23 17/21 46114 30] 3 3208 418 1323 14 
14 21 21113 602 139 41/18 49,3 2021 37/14 1113 98 2 18 28023 18 
15 1 111 41 4 2% 3/23 22 2813 82 2 4 8 49118 43023 21 
16 [21 112 24 1 250 2419 17/3 2421 17/13 ' 34] 2 22 9 1118 58023 23 
17 0 48% 2 30% 2j10 459 30% 26021 Biz 14/1 59 9 33/19 13/23 25 
18 [20 36011 41 3811 5/19 4423 2720 57%2 54) 1 30 9 55ʃ9 27123 27 
19 0 24/1 20] 131 25/19 5623 28020 46/12 35 1 12,10 16'19 41/23 28 
20 0 10/10 590 N. gti 47 23 28020 3412 15 50/10 38'19 5523 29 
2 115 580 38] 3312 620 9323 29020 2311 54 2610 59,29 B23 29 
19 44j10 16 57/12 27/20 2i|z3 29j20 1111 35] 8. 3½ 2020 21/23 29 

Ig 299 544 2012 46j20 33123 28019 5811 15 22011 42/20 3323 28 

19 159 31] 1 43/3 7/0 44j23 27jig 4610 54 44/12 220 4523 27 

19 209 BS 2 7/13 26|20 g5ſz3 25ʃ19 33110 a 2 xn 2280 57123 25 

18 40 8 47]2 3113 4621 6ſ23 23119 1910 12 1 3½2 4421 8/23 21 

18 30] 8 24] 2 55114 5021 1623 2019 6, 9 $5 1 55013 3j21 19/23 19 

18 158 3] 3 17114 23j2t 2623 . 18]18 5209 29] 2 19013 2421 30/23 16 

17 587 38] 3 4014 4221 35/23 16018 3809 8 2 4113 4421 4023 12 

7 43 4 4% 21 45123 1118 238 463 5/4 421 4923 8 

17 18 | 4 28 21 54 is $8 8 25 14 #3] 2 4 

| 22 i | 


TE COMPLETE OBSERVATOR. 


For the Firſt after LEAP YEAR, 


1785, 1789, 1793, 1797. 


39 


A TABLE of the SUN's DECLINATION, 


— 


21 56 


22 4 
WW 13 
22 21 


22 29 


22 36 
22 43 
22 49 
2 55 
23 

©3 83 
23 10 


N. N. | Ne N, 
—— M - : 5 — — 
March April“ May | June | July | Auguſt Sept. | Oct. Nov. | Dec. 
D. M. D. M. D. M.|D. M. D. . D. M. D. M. D. M.|D. M. D. M. D. M. D. M. 
1 7 is 1422 83 7/17 5718 3 
2 6 is 32022 16023 3 41] 7 3 
3 6 ls golzz 23022 58 267 4 
4 6 16 6022 30022 53 9107 4 
2 5 6 24/22 37122 47|i6 54| 6 4 
6 5 16 4122 43/22 41 37] 6 5 
7 5 16 57/22 49122 35116 2c| 5 5 
8 4 17 14/22 55|22 28 305 6 
9 4 17 30023 22 21156 45| 5 6 
10 3 17 452 522 14 28 4. 6 
LE 3 18 123 922 5 1164 7 
12 3 18 16023 12j21 57 52] 4 7 
13 2 18 31023 16[21 4804 34] 3 7 
14 2 18 46023 19/21 40 I5| 3 8 
. EI 22 222 8 
16 | 1 19 14/23 24421 21 38] 2 9 
1 19 271/23 25]21 10 19 2 9 
9 40/23 27120 59 l 9 
19 53123 25/20 49 39] 1 
20 623 2920 37 2C 
20 18]23 2920 25 59 
20 30023 29020 14 39 
23 20 41023 28/20 1 2c 
24 20 520/23 27/19 49 58 
26 21 4j23 26019 36 38] 1 
26 21 13/23 24/19 23 1711 
27 21 24/23 2009 10 5601 
231 21 33023 18018 55 34 2 
29 3721 43/23 15118 41 13 2 
0 4 14 50'22 51023 11018 27 510 2 
14 22 18 12 30 


THE COMPLETE OBSERVATOR. 
A TABLE of the SUN's DECLINATION, 


For the Second after LEAP YEAR, 


1786, 1790, 1794, 1798. 


N 


| Jan, Feb. | March| April May | Jane | July Aug. Sept. | Oct. | Nov. | Dec. 


3 — — | — 
A D. M. D. MD. MID. MD MD. M. D. M. D M. D. M. D. M. D. M. D. M. 
x [23 oſiy 217 29 4 3615 noſaz ce 817 50 14/3 1714 80. 54 
b 2 22 25116 447 G6 5 -2|15 27/22 14/23 47 45 7 $52} 3 40/4 51022 3 
. 3 %: 4916 26 6 43] 5 24/15 45/22 22/22 59/7 30 7 29] 4 3|15 122 12 
4 ||22 43]16 (8066 20 5 47 18 222 29022 54j17 147 8/4 27/5 29022 20 
22 35/5 5o| 5 57] 6 10116 20022 36/22 49 16 581 6 45| 4 gots 47122 27 
4 6 ||22 29|i5 325 33] 6 32]16 37/22 43½2 43 4 23] 5 13116 522 34 
4 7 \jzz 22[15 135 96 55/16 54/22 4922 36116 256 of 5 36116 23/22 48 
| 8 % 14/4 54 4 45] 7 17% 1oj22 542 316 8 5 37] 5 $916 4122 48 
| 9 ||22 5114 35] 4 23] 7 % 26|22 59j22 23|i5 51] 5 15] © 22116 59122 54 
| 10 zi 5504 15] 4 of 8 2}t7 41/23 4/22 155 33} 4 52] 6 44ſt7 16[22 59 
| 11 ||21. 47jiz3 $56] 3 36] 8 24117 . 57/23 B22 75 154 26] 7 77 32123 4 
' 12 [ 36613 36] 3 13] 8 46/18 12/23 1221 5914 57 4 77 307 48[23 9 
13 [1 2613 1562 49 8018 27/23 15]21 50014 39 3 44] 7 52118 423 13 
| 14 21 162 56} 2 24] 9 308 4i[23 18]21 4/4 21] 3 21] 8 15]18 20023 17 
| 1g jj21 zz 35]2 12 81/18 86/23 21021 324 3/2 57] 37}18 35123 20 
1 16 [0 54% 14] 1 38ho 12019 103 23]21 23113 44] 2 34] 8 59/8 gcoſ2z3 22 
1 1 „ 4% 53} 8 1½ % 33 24/23 25/1 13/13 24 1% 2/9 6/23 24 
U 18 j[20 30011 32 Seſit 54119 37/23 271 3113 51 48] 9 43jig 19023 26 
19 20 1I7]11 16 2711 15/19 5023 28/20 52/12 45| 1 25110 5/19 33123 28 
q 2020 30/10 48 31 35/0 223 2900 4iſt2 25/01 1 27119 47/23 29 
21 9 5c %o 256] N 20j1i 56020 15/23 29/20 29012 5 37110 4920 oſ23 29 
22 09 30010 5 44/12 16020 27/23 2920 171 4 1511 10020 1423 29 
23 9 239 43 i 812 36/20 38/23 28020 41 258 65/1 30/20 2723 28 
24% 2 21 1 32/2 57j20 5003 27 git 4 33/1 5¼/0 39/23 26 
25 8 88 58] 1 413 15/21 1123 20% 4%/ãůÜ—2 43 L 12/20 0/23 25 
26 8 380 8 30 2 153 35/21 1103 24019 27/0 22] 1 19/2 33] 21 2j23 23 
27 is 24] 8 14] 2 42/13 55/21 21023 219 3010 11 4212 53/21 13/23 21 
28 jj18 BB] 7 51] 3 614 n3j21 31023 18118 599 400% 2 63 13021 24/23 17 
| 297 51 3 28014 32021 40023 1518 459 19 2 363 34/21 34j23 bg 
| 39 %% 36 3 52/14 501 49/23 12zh18 318 57] 2 5:[13 $312! 44123 11 
| 31 17 19 4 1 21 58 18 1003 35 14 13 23 6 


N. 
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1787, 1791, 1795, 1799. 


N. 


— April | May | June | July | Augutt | Sept. 


For the Third after LEAP YEAR, 


Oct. Nov. Dec. 


TABLE of the SUN's DECLINATION, 


— — — — 


D. M. D. M. P. N. P. M.|D. NI. P. 


Mb. M. ID.! 


4 
12 
20 
27 
34 


40 
46 
52 
57 


8 
23 83 
23 

22 55 


22 50 


18 5 


17 49 
17 34 
7. 


7 


14 
15 
15 
5 


. M.]D. MID. M 
21 52 


14 


22 


_ 
22 17 


322 25 


16 45 


16 12 
os. 
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18 20 
1 
14 43 
14 25 


414 


13 47 
13 28 
13 9 
12 a 50 
12 30 
12 10 
11 50 


11 10 
10 48 


16 296 
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16 
16 


22 32 
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11 3008. 


10 27 
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45 


9 
9 T4 
9 
8 41 
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TA © EY 
OF THE 
SECANTS LESS RADIUS; 
OR, THE 
ARITHMETICAL COMPLEMENT of the COMPLEMENT SINE, 
1 0 
EVERY MINUTE of the QUADRANT. 


Cf ra Ae cer fe A A A AAR 


© A TABLE of NATURAL SINES AND SECANTS LESS RADIUS. 
D. o. 


| . D. 2. 
NIE TIICLR [TCS TR ¶ TN n N. S.1S. LR: 


M 
© 0.00000 0000c[0.00 174510.00007, 9998 51.7581 3497 fo. ooo 
I 2 | 3.536270 774 007 9844 5097] $19 
: 8 23524 007, 43910 548 
3 7 05915 36960 577 
4 116 2.93421 301 606 
1 145 | 83730 2339\| 635 
6 175|0.00000] 2.75812 1.7 1676 3664 [0.00029 
71 204 | 69118 10230 693 
8 233 63318 0379) 723 
9 | 262 58203 9745] 752 
10 291 53627 91210 781 
11 320 49488 8505] 810 
12 1 999992. 45709 1.67897 3839 0.00032 
13 378 42233 7298] 868 
14] 407 39915 6708 897 
Is | 436 36018 6125] 926 
16 465 | 33216 5550}, 953 
47 |__495 999] 30583 |___975|.__4982|__954 |__ 034 
18 52410-00001] 9999912. 28 100 22690. 000 11 99974|1.64422| 4013 [0.00035 
19 553] oo 998] 25752 298] or 974 3869 042 
20 582 O01 9980 23525 327 012 972] 33221 O71 
21 611 oollt 9980 21406|| 356] on g72] 2783] 100 
22 | 640] , coll} 998 19385|| 385] oz] 972} 2250 129 


23 | 669] __ ool 988] 17455|| 414] 13 971] 1724\__155. 
24 698[0.00000), 999982. 156024430. 000 13 9997001. 61204 4188 [0.00035 
e 1250 472] 13] 959 669% 217 | 


4 26 | 756] doi 997 12130 50 org 369 01820 246 
1 27 | 785] oolll 99% 10490 53a] 014 968 59680 275 
| 4388 28 £14 OI] 997 o8giz]| 560] 014 967 gi8z|| 304 
29 844] oo % 996 o73881 589) org] 965 8694!) 333 
30 87 319000021] 99996/2.0591C1[2618{0.00015}| 9996.1. 5 8 208) 
| 31 | 9e oozll © o96) 04492 647) org] g65| 7728 
4 35 931 oon "996 031134] 676 or6} 964] 7254) 420 | 
1 33 | 966] dor gg] 01777] rol oi 963 6784] 4 
1 34 | 9890 ooz} ggs| 0048 73% o g63] 632 
1 35 | 1018 O02 9951.992210 763 o17] 962 58610 507 
4 36 | 104710.00002}} 999951. 9799827920. 007 99961 55400 4536 ſo 0004599897 1.34330 24 
1 37 | ©76] 023] 994] g6808|| 821] or], 966 4956] 565 | O45] 8956 4053 23 
8 38 | nos] oogi 994, 9565 85 ors] 955] 4511] $94 046] 894 | 3777, 22 
4 39 | 4134 993 994] 94522] 879] oi8|] « 623 | o46]| 893] 3507] 21 
40 164 oo 993] 93422] 9080 018 9580 3634] 653 047] 892 32310 20 
41 19: oz 993] 9235<]| 938] org 957 32010 682 O48 890 2G61) 19 
CF 42 | .22210.90003Þ 9999511.91 304[2g6710.00019] 99956|1-52774| 4714 fo coe [1.32692] 18 
43 | 253] 0031 © 992] go282h 095) 019 og 2354 740 | O49] B88 242517 
44 2800 oogf] 992] 828330255 oc 954] 1931] 769 ogg 886 | 2159 16 
45 300 004 991 88307 854 020 9531 1515 798 050 885 1896, 15 
4.0 338 oo 991 87353 c83 o21'] 952 1104] 827 051 883 1033 14 
42. 367 094 991} 86419] 112 021) 952] 696 856 | cgifl $82 1373' 13 
48 | 13909.00004} 999901 .855051/314110.00021] 999511150292] 4885 |-«ovog allgg881 . 31114 12. 
49 425] oog ggo] 84609 1700 ozz] 950 49892] 924 ©52|| 879 9850 11 
$9] 454 o 9989 83732 199] o22] 949 949% 943] 53 878 60 
cl 483 OOF 989 82872] 228 023 948] 91031 972 S054 876 0346 
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| 


14 | 289 237 979 4610 942 4944 418 1584 766] 829 112] 46 
15 | 316 2410 970 423\l 969 499]] 409 1891 612 7711 819 078] 45 
16 | 344 2400 961 385 997 5030 399 152] 639 7761 809 | ' 043] 44 
371372 |__ 25952 | _ 24 | 508 390 [ 117} 666 | _ 789 799 | __ oog] 43 
18 [31399 fo. 02254/94943 [0.50308|[33051 [9-025 121194380 o. 4808 1034594 fo. 0278593789 [9.45975] 42 
ig 427 258 933 270 079 516 370 045 721 7900 7279 941] 41 
20 | 454 252 924 232 106 521} 361 oo 9 748 794 769 907] 40 
21 | 482 266|| 915 194 134 $25] 351 | 79730 775 799] 759 $73] 39 
22 | 510 2710 906 1560 164 5300 342 937] 803 804 748 839 38 
23 | 537 275% 897 1180 189 __534\__332 | gol] 832 858] 738 805 37 
24 [31565 56827994888 8.56888 33216 b 025391194322 [0.47865 [34857 P. 0281393728 [0.45771 36 
25 | 593 283|| 878 0421 244 $431} 313 821] 834 818] 718 | 7371 35 
26 | 629 287 86g | oog 271 547]] 393 | 798] 912 822} 708 703] 34 
27 | 648 292 860 49960 298 5520 293 758] 939 827] 698 669] 33 
28 | 675 2960 851 9280 326 55000 284 736] 966 $32] 688 635] 32 
29 | 793. 20 842 890 238. $61 —274_ 686] 993 837] 677 601] 31 
30 [31730 . 523% 4832 [0.49852[33381 P. 02565264 [0.47650135021 15.02841[93667 [0,45567| 30 
N zog] 823 815 408 5700/ 254 615 048 846] 657 534 29 
32 | 786 3130 814 777 436 5740 245 579 o75 8516 647 5000 28 
33 | 813 317 Bog 7390 463 579 235 544 102 885 637 466 27 
24 | 841 321 795 702 490 5830 225 508 130 86:] 626 433] 26 
35] 868 | 326| 786 | 664 518 | 588 21s | 423/2865 616 395] 25 
36 31896 9.02330, 94777 o. 4962633545 [2-925921194200 [0.47437||135184 P. 0287093506 U. 45365 24 
37923 334] 768 3589 573] 597] 199 | 40 211 B74] 596 332] 23 
38 | 951 3380 758 58 Goo | 910 186 3660 239 879 585 2980 22 
39 | 979 343] 749 514% 627 606 176 331]| 266 884] 575 265] 21 
25 2000 347 740 477 655 6100 167 295 293 889 565 231] 20 
034 354] _730 4390 682 61501 157 260 329 | Bozſl 555 1908] 19 

42 [32061 o. 02355 % %7 21 j0.494921133710 pb. 0261999147 o. 4722535347 . 0289893544 |o 45164| 18 
33 „89 360 712 365 737 | ©24] 137 189] 375 | 993] 534| 131] 17 
44 | 116] 364) 702 327 764 | 628] 127 154% 492 908 524 | 097] 16 
45 | 144 358 693 290 792 | ©633j} 118 11% 439 913]. 514 | obg| 15 
171 372|| 684 253} 819] 637 108 084] 459 977 5oz | 03114 
221.3221524 2160 349 | 642 928 849 [83 922] 493 |__4997|_13_ 
4 132227 fo. 02381094665 [0.491 79133874 D. 0206474088 0.47014 [35511 [2.02927| 93483 [0.44964] 12 
490 | 254 385 656 142 gol 6510 O78 | 6979] 538 932] 472 9310 IN 
co 282 390 646 104 929] 656 068 994 565 937] 462 858 10 


ct | 309 394] 037 067 856 60 058 908 592 940 452 8644 9 
52 337 3980 628 | ozot 883 655 049 874| 019 940] 441 | 831] 8 
r 648 | Soggy gon | Gogy ogg 1 8391. 647 |_ og 4jn | 7981 7 
J 432392 0.02407 194609 [0.489571134933 12.0207 4194029 fo. 4680435674 [0.02956 93420 0.44765] © 
55 419 411 599 92 | C65 678 019 769 701 go | 410 | 732] 5 
z0 | 447 416} 590 | 8830 893 683] 009 | 734] 728 905] 400 6990 4 
$7 } 474 120% 80 840/ 120 6880 3999 6991 755 97040 389 606] 3 
58. | 502} 424] 571 | Bog} 147 | Ggzi g8g | G64] 782' g75)} 379] 633] 2 
59. | 529 | qzol 36n | 77350 175 | Gor 72. % Bio | 2 368 | 0] 1 
M D. 71. D. 70. [ PB. 69. M 


A TABLE of NATURAL SINES and SECA SS RAD. Us. 


— — 


D. 22. | 23 

NCL. NIS L R N.S. [S.L.R.FN-S-1S.L.R ||N. SS. LR: 
"© (35837 |0.02985|93358 0.445% . n 0328392718 (9-42642139973 P. 03597 
864 | 990 348 544 488 289] 707 611i} 099g | G03} 039 782] 59 

891 99510 338 5010 515 294 697 5900 127 658] 028 753] 58 
918 999] 327 468 542 299] 686 549] 153 6130 016 724] 57 
945 | 3994] 316 43 9 304] 675 5180 189 619% o; 695 56 
396 43325 399j_ 664 486 207 | 624|| 1994 |__ 664] 5; 

36000 o. 3014493293 0.44370 37022 o. o33 142653 o. 4245 539234 o. 363091982 o 49634] 54 
285 337 649 319] 642 424 260 635 971 604] 53 

274 305 676 324] 631 3930 287 640 959 $75] 52 


92050 fo. 408 12 60 


9 ois 264 272] 703 3300 620 3620 314 | 646] 948} 545} 51 
10 108 253 239 7 30 3351 609 330 34! 6510 936 510] 50 
11 135 243 207 757 | 3400 598 | 3oolf 367 O57) 925 þ_486Þþ 49 


12 36162 [0.03043|93232 0.44174 37734 [0.03345192585 2.42 209139394 O 03602091914 [0.49457] 48 
13 190 0480 222 142] 811 350] 576 2380 421 657 992 437} 47 
211 109 838 355] 565 20 448 6730 891 398 46 
201 | . o77|| 865 360] 554 176 474 | 6780 879 368] 45 
299 044] B92 356] 543 145] 591 684] 868 339] 44 
180 012 gig | 371] 532 115 528 589 856 310 43 
18 35325 [o 03073[93169 6.7579 77945 [0.03376192521 0.42084139555 [0036951191845 [P.40280) 42 
19 352 078 159 947 973 381 510 053, 581 70 833 251 41 N 
20 | 379 083 184 915 999.| 386] 499 o22] 608 7060 822 222] 40 a 
21 406 o88] 137 882}| 8026 392] 488 1992, 635 7110 810 192] 39 
22 | 434 | 93] 127 8500 053 3971 477 9610 661 7160 799 163] 38 
23 451 oo 116 | 818] o80 | 4o2 466 930, 688 7220 787 — 4 
24 36488 o. 03102003106 o. 43785038 10% 0.03407 92455 9. 41899639715 O. 03727091775 P 42105] 36 
107 O95 7530 134 412] 444 809] 741 733j 704 oe 35 
1120 084 721] 161 4181 432 838] 768 7380 752 ©46| 34 
117j] 07 63g]] 188 4231 421 808] 795 744% 741 O17] 33 
122] 063 6570 215 4280 410 777 822 74% 729 39988 32 
1221 O52 6220 241 433 399 747 848 | 755 718 959] 3! 
o. 03 132002042 o. 43592038268 [5.03438192385 o. 41710039875 [0.0376 ||91706 1j0.3993c} 30 
137] o31 56500 295 586 902 76 (00 694 9010 29 
142% 020 5280 322 6551 [ 928 7710 685 872] 28 
1470 o10 49 349 624 955 777 
1522999 464% 376 5940 882 782 
3 988 42 422 5544008 7880 648 | 785} 25. 
o. 03 162092978 [0.43401 38430 0. 41533142035 .037931/91030 [0.39756| 24 
1760 967 369 456 503 062 75% 825 72723 
172] 956 337 483 4730 085 804 613 6980 22 
177 945 305|] 510 447 115 81c|| 601 669] 21 
182 273 37 412 
187 = 24 4 782 168 821 578 612 
0.03192192913 [04321 5885. 9.41352 
7 78 322 

2910 248 83% 843 526 
2010 275 8430 $31 497 
2310 301 840% 519 468 
2010 328 854 508 439 
> [0.411711 40355 o. 386091496 fo. 39411 
14160 381 S5 484 382 
1116 408 87106 472 354 
08110 434 8771 401 325 
0510 461 82)! 449 296 
L O21 488 8880 437 269 
O. 03253092784 o. 42831038912 o. 0356692119 o. 4099140514 65385357028 2.39236 
258] 773 799] 939 | $71] 107 950 541 8990 414 211 
263 702 7651 966 576 096 930 567 905 402 182 
268 731[ 736 993 581 085 902 594 816 390 154 
273) 749 | 705] 9920 | 587] 073 8720 621 910 378 129 
2280 729 674] 046 592]! ob2 842) 647 | n | ___ 097 

| D. 68. | | _— 07. , of hen © CRT M 


202 892 175 640 
2070 B81 1144 671 
| o8z} 698 
— 317} _*50 | __ o51f_ 725 
o. o 3222002849 . 4302038752 


anc AN £55 RADIUS. 


D. 24. | D. 25 . . — 
NIL N 


4674 fo. 039271355 fo. 39942262 15.04272190631 o. 37405 43837 0.453489 879 fo. 358 160 60 
70⁰ 933 4 288 2278 618 378] 86; 640] 867 

727 938 331 012 
753 9450 3'9 884 341 2800 594 324] 916 6520 841 738 57 
780 9500 
| Bob | o55|] 295 | 927 394 | z 569 | 270] g68| 6065 816 | 687) 55 
40833 o. 039011283 [0.388951142420 [5.04308[190557 [937243[43994 [9.94067 [89803 [9.35061] 54 
869] 950 272 | B71] 446 | 314] 545 | 216] 4220 | G77] 790 | 635] 53 
885 | 972] 260 842 473 3200 532 | 189] 046 | 68} 777 609 52 
913 978] 248 8140 499 3260 520 162] 072 69 764 5830 51 
10 9439 983 236 786) 525 3320 507 135] ogs 6960 752 $57] 50 
11 4 956 28224 758552 3371] 495 | 195 124 7221} __739 | ___532} 49 
12 [40992 [0.03995|191212 fo. 38730042578 Gl 479 | cog 12 o. 5470889726 o. 35 506 48 


D ow 2 Who 2 0. 


13 1019] 4029] 200 702 604 349 177 714] 713 48i] 47 
14 | og5 ooo 188 | 674 631 | 355} 458 | oz8] 203 72700] 455] 46 
15 072 0120 176 6460 657 þ 304 727] 687 429] 45 
I og8 018 164 618] 683 | 367] 433 | 69740 255 7330 074 404] 44 
17 125 ©23]] 152 5890 709 373] 421 948i} 281 7390 662 3780 43 


+ 

+ 
Q 
O 
© 
NN 
to 

\S 


138 [41151 [0.-04029]91140 |» 38562042730 [0.0437|99408 {[0.36921,44307 . 04740089649 (9-35353] 42 
9 | 1738 | ozs|| 128 | * 534] 762| 335 | 752 636 327 4r 
20 204 | | 040} 116 506}| 788 391 
21 231 | 046] 104 4780 B15 | 497 
22 257 o 2 O92 450 841 403 
2 284 og8!} c8o 4220 867 409 


24 [41310 Þ 04263191008 9.38394 2894 [5.04413 
25 337 o o56 366 920 421 
26 | 363 | 75 244 | 3380 946 | 427 
27 399 odo 032 3110 972 433 
28 416 0860 030 2830 999 439 
29 1 443 | 092 o08 | 255 3025 445 
30 111469 P. oog Y o. 382274305 1 [0.04451 
31 496 1530 984 200] 077 457 
32 522 109 972 172] 104 463 
33 | 549 115 960 1444 130 469 
34 | 575 1210 948 117] 156 475 
35 | 602 127 936 O89; 182 481 
39 1628 [9:94132499924 0. 3806143209 [0.04487 
37 655 | 138] 912 0340 235 493 
38 681 1444 899 oob}] 261 F 50. 
39 | 707 15% 887 | 7979] 287 Jos 
49 714 15606 875 951 313 512 
41 750 1610 863] 924 340 518 
42 1787 o 041679085 1 o. 37890433500 [0.04524 
43 | 813 173] 839 869 392 53" 
44 849 179 826 8410 4i8 536 
45 869 18510 814 $14] 445 542 
46 892 19% 802 7860 471 548 
47 | 919 196j|_780 | 759] 407 554 
48 [41945 (0.04202 90778 0.377 321143523 [0.04500 
49 | 972 208 766 704 549| 566 


564935089259 [0:34594] 12 
940 245 56g] 11 


55 | vgs 214} 753 677 575 $73 9480 232 544 
ct | 2024 | 220] 74 650} 602 579 954 219 519 
52 C51 225 72 6230 628 585 9610 206 494 


63 |_o77'|__23i] 717 | 895 64] 9268 | 5994 __967|._193 |___469 
54 [42104 0.04237 190704 9-37508 43680 [9.945971139956 [9.53972] 45243 [9.0497 3089180 b. 34444 
55 130 243] 692 541 | 706 503 943 946] 269 g80] 167 420 
co 156 249] 885 514] 733 509 930 | g20j 295 986 153 395 
57 | 183 255 CES 487] 759] 516 g18 | 894/ 321 993] 24 37 
38 | 2cg| 26x] 655 459} 785 6220 905 868 347 | 999h 127 345 
rw | 235 267 643 432]_811 628) 892 842) 373 | 5005114 329 


8 e ee * 


D. 65. 4 185-0 
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A TABLE of NATURAL SINES and SECANTS LESS RADIUS. 


D. 27. D. 28. D. 29. | 
"M N. 5 JS. L. K. NSS LR. N. S.jS LR. || N. SJS:L.R. [| N. S:}SCR-f| N SIS. L. R 
o 45399 5 0.34295 46947 o. oy 40788295 PD. 328394848 1 fo. 05818 87402 fo. 
1 425 0018] 087 2710 973 413} 281 815] 506 825 
8 | 450 | -OagÞ: 07% 240 999 420} 266 79 / 532 $33 
3 | 477 031] 01 22 7024 | 427} 254] 705} 557 | 839 
1 503 035] 048 290 050 433] 240 744} 583 846 
— $29 |_  044|._235 172] o76 | 449_226 | 720} 608 853 390, 
© [45554 [0.05051 j89021 o. 34147 [7101 o. 0544788213 o. 3269748034 P. 0586087377 
7 | 580 | © og7Þ 008 1221 127 454] 199 672] 659 867 6 
3 | 696 064 8995 o98 0 152 4600 183 Ggolf 684 874 
9 63z | o7of 981 | or] 138] 467] 7626 prof 881 
10 | 658} o77] 968 | ogs} 204| 474] 158 | oz 735 | 838 
11 | 684 | o83] 995 | 924 229] 481i} 144 | O79} 761 898 
12 45710 0.05089 38942 [0.33999 47255 P. 05487 88136 o.435550[ 48736 o. 5902087292 
13} 736 096] 928 9751 281 494] 177 532 811 | gioſþ 27 
14 762 102] 915 95e 306 soi 103] Fos 837 917 
t5 787 109] 902 925 332] 508] 089 4650 862 924 
16813 115 888] 9010 358 5150 075 | 461] 887 | 931 
u7 | 839 | 322 _B875 | 876} 283 | g2u} oe2 | 43510 g13]} 938 
18 |45865 [5.05129 38862 fo. 3385247409 o 528 [88048 [0.32414 48938 [0.05945!1187207 
19 89 | 135] 848 | 827] 434| 535} 034 39% g64 | 952 
20 | 917 142] 835 803 460 | $42] ©28 367 989g | 959 
21 | 942 148} 822 779] 486 549 096 3449014 950 
22 978 155] 808] 754/ girl 5550 7993] 32} 449 973 
23 |_964 1561 795 | 730 _537 | __ 502 979 297] 653 | .980 
"24 [46929 3.05168 [88732 [o.33705||47562 o. 05 56987950 fo. 32274/49090 o. 0598887121 
25 046 174 768 631]] 588 57 951 2500 116 995 
26 | 72 181] 755 657 1 614 583 937 227 141 2 ©93 
27 | 997 187] 741 6320 639 5 923 204|| 166 oog ©79 
28 | 123 194] 7238 | 658 665 796 909 180 192 | orb} 063 
29 |_i49 |__20i| 7:5 | 4h 690 | Gow 896 | ns7h 217 | = ezzil ego 
"3o 46175 [0.05297 $8721 [> 335947716 [9-95010ſ[87882 o. 32134/49242 [0.c6030}}879036 
31 | 20. 214| 688 5351 741 617 868 1100 2698 037] e21 
32 | 226 2200 674 511 767 6244 854 087 293 ©45]] oo 
33 | 252 227| 661 487 793 631i 840 64 318 052 6993 
34 | 276 233] 047 463 818 638 826 4344 O59 978 
35 304 240 634 438 844 6450 812 180 369 0506 954 
35 146339 o. 05247 88002 o. 33414 47809 [9.0565 17798 . 31994½9394 [9.0697 308949 
37 355 253] 50 39 895] 6581] 784] 97% 419] 335 
38 381 260} 593 350% 920 | 665 770 | 94 445 o88[ 921 
39 | 497 266! 580 342 946 672 756 925 470 o95]] 96 
40 | 433 273] 566 3180 971 579 743 | 92 495 1020 892 
41 |_458 | 280|_553 | 294)j_g97 X[— 88% 729 | a7gl 522 10g) 878 | 521] 
4z [46484 |9.05286]83539 . 3326948 22 [0.05694|87715 [0318561149546 jo.c61 161860863 [0.30499 
43 510 293] 526 245 048 700 701 8331 571 124]} 849 477 
44 | 536 3000 $12 2210 73 707 687 $1. 596 131i] 834 455 
45 | 561 306 499 19 099 7144 673 285 522 138 820 433 
46 | 587 3131 455 731] 124 | 72af} 659 7603} 647 1450 805 411 
47 |_o13 U 3200 1491_152 |__727 645 |___74__072 153] 791 398 
49 [49639 [0-05 326188458 |» 331251148175 [Þ 05734187031 [9-317 17149097 Jo.oo160[86777 [0.30367 
49 | 654 333} 445 | 1010 201 74 617 6g5h 723 167]| 762 345 
50 699 | 340% 43! 05S, 226 748 603 072 748 174 748 323 
51 716 346} 407 0744 252 755}} 559 525 773 1810 733 301 
52742 353} 40% | o3c|| 277 7631 - 1575 | 2208 296 19h 719 279 
53 | 707 35 390 oo 303 | 25980 324. 196 704 257 
54 [46793 0 05366188377 5.32982 48328 o. 0577687546 o. 31589849 o. 20369 [0.30235 
5 3731} 363 9580 354 7830 532 57 874 2110 675 213 
6 3800 349 934 379 790 518 534 899 218] 661 191 
3860 336 910% 405 27 594 51 924 225 646 169 
393] 332 | 887 4% Bog] 4% 485 ggo | 2321 632) 147 
400 308 863 46 81100 470 450/% 975 | 240Þ 617 125 
|: of ARES . D. 60. 


A TABLE. of NATURAL SINES — SECANTS L LESS RADIUS. 


. 30. D. 3). D. 5a.” I] | 
F 
© 150000 o. 06245/86603 0.90103 52992 [9.07158(34825 [0.27579] 60 
I O25 254 588 081 53017 1660 789 559 59 
2 | O56 2620 573 O59 041 174] 7714 $39] 58 
3] 076 267 559 037 os 1782 759 519 57 
BY” 101 2760 544 016 061 1901 743 498 56 
Sj 126 — $39 |_ 29994 [[_1's j__197j_723 | _47% 55_ 
6 50151 fo. 62910865 15 5.29972 53140 fo. 205847 13 274580 54 
7 | 176 2980 gol 950 165 213] 697 | 438] 53 
8 | 2o1 305] 486 92 189 221 681 418 52 
9 | 227 3130 471 907 214 229 666 398 51 
10 | 252 3200 457 895 238 237, 650 3780 50 
111 277 327j| 442 | 863 203 245|_035 | _357 A 
12 [50302 6.66335 86427 6.29841 53288 fo. 729384619 0. 27337 48 
13 | 327 34 413 820 312 261] 604 317] 47 
14 | 352 | 386 398 | 798 337 269 588] 297] 46 
is | 377 3571 384 776 361 277] 573 277] 45 
16 | 403 364% 369 | 755 386 285] 557 257] 44 
_17 | 428 372|| 354 733] 411} 293]__542 237] 43 
18 [59453 o. 0637986340 fo. 297 12151952 o. 0683 1085 446 0. 28440 3435 0.07301 84526 0.27217] 42 
19 | 478 3860 325 6goll 977 $39] 431 419 460 1 197] 41 
20 | 503 394 3210 663 2002 846 416 398]| 484 317| 495 177] 40 
21 | 528 4010 295 647 026 8540 491 378 509 325 480 157] 39 
22 | $553 409 281 625 O51 9620 385 367 534 333] 404 137] 38 
23 | 578 4160 266 604 076 869} 370 336 558 | 341] 448 117] 37_ 
"24 50103 [0.06423||8625 1 0.29582j|152101 0.06877 35355 o. 2831543583 [0.07349 [34433 o. 27098 36 
25 528 4zi]| 237 5610 126 | B85} 3490 | 295 607 357] 417 078] 35 
2 654 4380 222 539 151 892] 325 274 632 365 402 O58] 34 
27 | 079 446 207 105 175 900 gio| 253 686 373] 386 | 038] 33 
28 | 704 4531] 192 200 9o8] 294 233 681 3811 370 018] 32 
wo |720| 46a 178 | rel 225 | ous) 279] 212] 705 | 389] 355 _26998] 31_ 
30 [59754 o. 0646886163 029453152259 9.069235 264 o. 281913730 [9.07397 84339 [9:20978| 30 
31279 47s|| 843% 27 330 20 1710 754 (405 324 959 29 
32 | 804 4830 133 400 299 939] 234 1600 779 413] 308 939] 28 
33 | 829 490 119 389 324 947 218 130 804 421 292 819] 27 
34 | 854 | 498] 104 367j| 349 | 954] 203 109 828 429 277 899] 26 
35 |__87 805. 80 346 374 9620 188 989 8842725597 879] 25 
36 159904 [0.065 13196074 o. 29325052399 [0.06970|[85173 o. 2606853877 |0.07445 84245 [0.2686 24. 
37 | 929 520 Ogg 303j| 423 | „9780157 048|| 902 454 230 840] 23 
338 | 954 5280 045 2820 448 9861 142 027] 926 40 214 820] 22 
39 | '979 535% 30 2610 473 9931 127 oo 950 4270 198 800 21 
40 1004 5430 015 239 598 7001 112 279860] 975 478] 182 781] 20 
41029 g5ol| oco 2180 522 oog o 96654 436] 167 261 19 
42 51054 o. 065 5885985 o. 2919752547 [0.07017]85081 . 27945 54024 [0.07494 84151 j0.26741] T8 
43 | 079 5655 970 176 572 24 066 925 949 502 135 722017 
44 | 104 573 956 1540 597 032i} O51 904 073 51c,| 120 702] 16 
45 | 129 580] 941 1330 621 o4o O35 884i] 097 518} 104 68215 
40 | 154 5880 926 1120 646 0480] 020 8630 122 527] 088 663] 14 
47179 998 20970 671 ooo 8431146 735 072 643013 
49 [51204 [0.06603|[35896 o. 2905962696 [0.07064[84989 . 2782; 647 Cf |0.20623| 72 
49 | 229 G1cl] B81 o48]] 726 O71 974 802] 195 5514 041 604] 11 
50 | 254 618 866 027 745 079] 959 782 220 559% 025 584 10 
$i} 279 | G25} Bst | oobſ| 770 87] 943] 762 244| 567} o 9 565 9 
$2 | 394 | ©33j| 539 89850 794 | ogg] 928 740 269 | 575182994 | 545) 8 
_$3 |_ 329 640] 821 964'] 819 102) 913 2210 293 5833) 987 526] 7 
54 [51354 . 06648085 806 o. 2894252844 6.07414} 34897 [927701154317 8.07592 53952 [5.26506] 6” 
65 | 379 6561} 792 9210 869 119 882 680 342 60 | 946 487] 5 
56 | 404 6630 777 goo 893 126; 866 660 366 608. 930 | 467! 4 
$7 | 429 6710 762 879i] 918 1340 851 640] 391 616 gig | 448] 3 
58 | 454 6780 747 858) 943 142 830 | 619] 415 624% 899 428] 2 
_$9 429 6860 732 837] 907 159 820 599] 439 6331! 883 4090 1 
D, 58. 2 D. 57. | M 
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A TABLE of NATURAL SINES and SEC AN TS LESS RADIUS: 


—— — —— 
1 33. D. 34. . 35 = 

M NIS. LR. [| N.S. S. L. R N. S. JS LK [N- S. IS LR] N.S-1S. LR NS SERA 

a 54404 o. 7641083867 9. 263890 919 | 0.25244|57355 0.08604 1915 12. 24141] bo. 

L 488 649] 851 3700 943 225] 381 6720 899 1230 59 

2 513 6571] 835 350% 968 200] 405 6810 882 105] 58 

3 537 665 820 3310 992 188] 429 6goll 865 087 57 
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54 | 30 
; 
O 
56 f 
50 | 30 

n 
57 | 30 
58 
58 | 30 
$9 
Sj 


[EE 


0.21432 


309 
187 
066 


824 
0.20704 


0945 | 


999 
5.10107 
223 

339 

ns 

9 

883 
510797 
910 


2014 
512122 
229 
336 


513379 
481 
583 
684 
784 


5•13984 
4083 


1821 


280 
378 
3 
$-14573 
669 
765 
861 


9751 


3252 


884 


4-39725 
975 
40225 


c 


© 


EER 


9.14957 
86 


LOGARITHMIC SOLAR TARLES. 


H.E.T. 


3 


0.13324 
237 
150 
064 

2978 
893 

0.12807 
723 
638 
554 
471 
387 

0.12305 
222 
140 
og8 


347 


M. T. R. 
515146440899 
230 7127 
334 354 
427 80 
520 06 
5513 8031 
515705 [448255 
790] 479 
888 701 
979 924 
6069 9145 
N 159 366 
516249449586 
338 806 
427 30025 
516 243 
604 461 
RIA... BER 7 
5-16779 | 459894 
866 1109 
953- 324 
7039 539 
12581 732 
210 96 
5-17297 [452178 
380 399 
465. 601 
549 812 
632 3022 
716 231 
517798453440 
881 648 
963 856 
8045 4003 
1 269 
208 475 
5.18288] 4.54680 
369 885 
1 
*5 93 
608] 496 
687 698 
5-18765 | 455990 
844] ©6101 
922 301 
WE; 501 
9076] 701 
18 2 
5.19230 | 4.57098 
3 296 
382 94 
457 90 
533 886 
608 8082 
5.19682 4.58277 
956] 471 
831 665 
994] 359 
| 9771 9552 
20050 244 


H. III. 


2 


3 


— 


- 


0.07952 
1 
865, 
703 
641 
9.07579 
8 


0.07217 
158 
099 


040 


693 
637 
580 
0.00524 
468 
412 
357 


302 
247 


839. 


6982 | 
923] 
o. 06865 
ö 808 


8 751 


5.22151 
214 
276 
338 


400 


462 
5.22524 


1 


dt 


— — — — — 
92 22 0 30 & cw ww a u 8 — — o|= 


=_ 
da 


13 
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LOGARITHMIC SOLAR TABLES. 


135 
0.04141 
0g8 

055 

O12 
3909 
927 
0.03885 
843 

802 


M. T. 


5 23911 


5.24232 


285 


337 
39 
441 
— 
524544 
$93 
646 
697 
747 
797 
5.24846 
896 


9544 


994 
5043 
og 
525139 
187 
235 
282 
329 
376 
525423 
409 


4-72942 
3098 
254 
410 
565 
720 
173874 
4028 
182 

335 

488 

641 


174793 
945 


H. IV. 
M 8. 
. 
38 
e 
32 
. 
$7 © 32 II'S 
$9 7-99 
34 
34 300 
35 
35 | 392 
— 3 BAG 
36 | 39 
37 
37 | 39 
38 | 
3830 
1442 
9 
40 
40 30 
41 
41 30 
42 
42 | 30 
43 
43 | 30 
44 * 
| 44 | 30 
| 45 
45 | 30 
4 
46 30 
47 
47 2 
4s ] 3 
48 3 
49 
49 © 30 
50 
50 30 
51 
; 3 #90 
52 
5230 
53 
53 30 
24-1 
| 57 | 30 
$5 
55 7 
50 
56 | 30 
5 
57 30 
58 , 
58 | 30 
59 | 
59 0 
* 


1 


1 


1 


0.02149 


| 118 


088 


— 


527571 
604 
037 
670 
703 
„ 
527767 
799 
830 
852 
893 
924 
5.7877 
985 
8015 
045 
75 
104 


528134 


163 


191 
220 


249 


277 
3-28305 
332 


360 


387 
414 
4-+1 
5.28468 
494 
520 
546 


572 


$97 


12 


| 724 


_— 
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LOGARITHMIC SOLAR TABLES. 


042 


M. T. 
== 
5.28623 


648 N 


—— 
4.87116 


H. V. 


— — 
— 


8. 
3 


O 


H. K. T. 


0.00361 
349 
337 
325 
313 


302 |. + 


0.00291 
280 


M. T. I N. 
* 4.94034 
754 141 
249 

778 356 
790 403 
801 570 
5.29812 | 4.94676 
823 782 
834 888. 
844 994 
854 5100 
864 295 
$+29374 4.95310 
884 415. 
893 20 
903 24 
912 728 
920 832 
5-29929| 5-95936 
937 6040 

940 | 143 
954 240 
901 349 
960 45% 

5-29970 | 4 9655 
983 858 
990 758. 
997 860 
30004 1 
1 
5.30016 7163 
022 258 264 
028 365 
033 5 
035} $65. 
043 665 
5.30048 4.97915 
553 865 
6058 964 
6062 8063 
066 162 
070 261 
5300734 98359 
077 457 
080 55 

| 083 53 
086 751 
o88| 848 

5 30090 | 4.98945 
09 9942 
094 139 
o96] 235 
098 332 
09 428 
530100499524 
101 619 

102 715 
103 810 
103 "Ly 

103 | 5 . 00000 


O'F FT H 
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frem thence too flow till the 17th of June. 


EQUATION of TIME. 


4 Jan. | Feb. | March | April ay | June | July | Aug. 8 "Nov. Dec.” 
SNF SNS. SAS. ULC USU. S. I. S. I. S. I. 5 U. S. 
Ti 4 14114 15/12 47/3 5803 1412 56[2 56/5 36% 18010 16/15 50910 20 
214 42014 221 3513 400 2212 48/3 75 34% 36/0 3416 119 56 
35 9114 28/12 22/3 22/3 30% 39/3 195 30% 55110 5216 ol 9 32 
al's 3614 34j12' 83, 33 3702 293 3005 2601 14/11 10075 59] 9 8 
5| 6 4014 38j11- 844 45/3 43/2 £.29/3 41/5 20% 3401 28015 57 43 
6 6 300/14 1 4002 8 2603 4942 8 93 3ʃ˙5 25 5311 45115 54 8 17 
716 57114 450 24/22 9.3 53118 59/4 05 8/2 1212 2115 7251 
8 7 23/14 47] 914 513 570 8 4% 85 2 32112 1805 4778 25 
ol 7 48114 48[0 54/8344 1/8 37/4 14 522 52112 3315 41] 6859 
100 8 12114 40% 3808 174 41122514 22/4 46/3 13/2 49115 350 68.30 
110 8 37% 4% 215t | Iſ4 8 14% 294 3713 33½3 4/5 29 6 3 
1210 2/4 48010 4/0 45/4 100 2/4 464 2803 53113 1815 5.835 
13] 9: %%% 4% 92 % rise 50% 83 18/4 x 14113 = 32115 813 8 © 
149 480 44} 9 zoo 12% 12% 37% O4 BU 34/132 458 3| 4 38 
J 8 10/143 41 9213/9 348 1300 25158 17 57148 5511385914853] 4 9 
160108 31014337 d.= 5500 184 12/0 13155 1313-5 405-15 14211 4. 4% 3 40 
170% f 50% 4 32] 82 37% 3345 % J 18138 34 3% 34 29] 3 10 
1811 18 91145 27 85 1900 48.4 10/0 13 24038 21 55 56.148 3 148 17] 2 40 
19011 27/44 21 8 11s 24” ®o 2015 2913 B80” 17114” 44114 31 2 10 
20/11 4514 1507 4311 S 1604 60 3915 33 $510 © 38]14 54113 400 1 40 
2112 2114 717 25110 28' 300 54/7 3992 47% 58/5 413 34 1 17 
22]12. 1813 50 7 %% S 4% 018 4's 39% 277 19]15 13013 O 41 
2312 3013 50/6 47/8 543 5618175 42/2 15:7 39/15 21/13 of ©. 11 
24/12 471'3 411 © 2802.5 613 51028 30]5 421 5807 59075 28112 O 19 
25113 213. 3! 6 1028 163 46/18 435 45% 42/8 19½5 34/12 o 49 
20% 26113. 205 51] 2713, 4% 59 4% 40% 30/5 4% 5| 14:19 
2713 28/131 10] 5 32/2 3803 34/2" 805 46% 9,8 $8115 45/1 18 
2813 38112" 59} 5 14/2 4803 2802 205 45/0 52/9 18015 50/1 281 
20013 48 4 552 573 21½ 325 44% 35% 37/15 5311 28 47 
8 89 + 303 66 13% 445 4% % 57/15 5610 42] 3 16 
314 7 8 11 3 5 | '5 4olo 1 15 58 2 


to TFatch tis faſt till the 14th day of April; & Watch too faf? till the 31/t of Auguft; from 
; ' thence too flow till the 234 of December, 


This Equation of Time is cauſed by an inequalidy of the Sun's mation from Eaſt to Welt, ac- 
cording to the ſucceſſion of fines ; for-the ſwifter the Sun is in his annual motion from Weſi to 
Had, the flrwer he muſt be in his diurnal motion from Laßt to WVeſt. 
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A TABLE of SIRIUS 


The GREAT DOG STAR, 


PASSING THE 


MERIDIAN of GREENWICH. 


fan. | Feb, |March| April } May | June | Jul Avg. | Sept. Sept. | OA. | Nor Nov | Dec. 
H. M:jf. M. H. IH. M. H. M. H. N. H. A. M. f. MH. N. M. H. U. 
10K. TI 8A, 7 6A.23] AN 30 2A. 3 oA.2610M23 3M24| 6M33| AI * ls 
10 668 3]6 294 26|2 30/0 22]0 198 2016 39/4 39 2 34,9 22 
10 218 ol6 16/4 22]2 26] o 1800 1518 17]6 26} , = 2 30 0 18 
9 5607 18, 2 2210 1810 11 8 13] 6 22 4 31] 2 2660 14 
9 52] 7 $2 152 1800 10% 718 1016 19] 4 272 2210 9 
9 49] 7 48 110 2 14% 6Gho 3 5 6/8 1514 2 18 4 
719 45] / 712 10% ijlo of 8 2]6 12] 4 2/2 13} 94 © 
$| 9 4il 7 40 3] 2 6[11M56f o 56] 7 59/6 8] 4 16] 2 B8[11 56 
919 37] 7 37 2 fr $3}9 5217 5666 44 ril 2 ut 51 
10 9 33} 7 3 56} 1 ZH 4 . 48] 7 5216 of 4 71 cgi 47 
9 28|7 3 r e 449 447 4575 4 3] 7 5 42 
9 24] 7 2 48} x 4% 4949 40% 7 44/5 53]3 5% 1 80% 3 
9 277 2 44] 1 45p'1 369 7 41] s $2] 3 $55] 1 46/1 34 
9 167 1 40% r 40% 32 9 3217 37]5 16 3 Fifi 4211 29 
9 12|7 14 36} r 36% 28/0. 2817 330 8 42] 3 48] 1 2! 25 
92 87 1 32] 1 321 249 2507 30/5 33] 3 43] 1 331 27 
Sg. 423-4 28} 1 2 1 2/9 21 7 261 5 341 3 39 1 291117 16 
„ 3 241 24/11 1669 177 23] 5 37] 3 3441 2511 12 
8 56 7 O 3 20] 1 2011 121 & 13] 7 20] 5 20] 3 30 1 2 [rr 8 
8 53j6 56 17] 1 1611 809 9 2 i615 23 3 20/1 15011 3 
8 50 6 52 1% T 121 49 6 7 12]5 19] 3 23] 1 110 5 
8 4616 4  : Gut Te 257 © (93. 5 to 2 
8 42 6 4 r 40 5668 5867 4/5 12] 3 141 2j10 47 
8 3806 41 211 ofto 528 54/7 of 5 B8| 3 10 0 58/0 44 
2518 34/6 37]4 56|2 58|0 5610 488 3 57s 43 . 5410 40 
8 30 6 34! 4 52] 2 54l 0 51010 44 8 4666 5145 of 3 20 5910 36 * 
8 2606 31] 4 48] 2 5o] o 47/0 4008 431.6 59] 4 57 2 580 0 45 10 31 
8 226 2/4 44/2 4000 4310 358 30 6 4614 53j2 540 4019 27 4 
8 18 4 40] 2 42; 0 38110 310-8 3506 434 52 5045 3510 23 49 
8 15 4. 37] 2 — . © 34j10 27/8 8 32 6 6 4v 12 3110 19 YN 
E 4 33 o 30 J 2816 36 11 42 110 15 by 
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This BOOK is ENTERED at STATIONERS-HALL.} 


« } 
£ MA 87 
- = : "0. 


1 
— 7 4 A 4 a B 4 L E 
1131 
How many MILES is a DEGREE 
In al LATITUDES. 
M. teatds | DL| M. tenths | PEM. tenths | Dl N. tenths | | DL | M, tenths 
59 99] 1956 73] [37/47 92] [55 34 4/7307 54 
59 96| [20]50 38| 38047 38| [50133 53| [74]16 453 
59 922156 1] 3946 62 |57|32 68 [75|15 52 
59 980 [22[55 63 40%45 95 [58/31 79 76014 51 
59 77 2355 23] 410/45 280 f 30 90 [77]13 50 
59 67 [24|54 81] 42/44 59 6030 oo! 7812 48 
59 560 25/54 380 43/43 880 6129 19 7911 45 
59 422653 93| 4443 160 6228 17 8010 42 
59 260 27 53 560 4 42 43] (6327 2481069 38 
59 08 [28 52 97 4641 68] [6426 30 |82| 8 35 
58 89] 2952 47 47 40 9265/25 3683] 7 32 
58 683051 96 48 | 40 15 6624 41] [84] 6 28 
58 46]-|31|51 43/4939 30| [067123 45 |85] 5 23 
58 22 32 50 88] \50|/38 57] [6822 48 [861 4 18 
57 95| 33/50 3251037 70] [69|21 50| [87] 3 14 
57 67% 34/40 74] 5236 94| 70% 0 52| [88] 2 og 
$7 37] [35}49 251 153130 111 171119 54 189, x 05 
57 61 36048 54] 154135 26| 72 18 55 | 


